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PAPERS 


AN  ANNOTATED  CHECKLIST  OF 

THE  MARINE  FISH  FAUNA 

OF  GRAND  ISLE,  LOUISIANA 

Vincent  Guillory 


ABSTRACT 

All  species  offish  verified  from  the  Grand  Isle  area  are  listed  with  a  synonomy  of  known 
literature  citations.  A  total  of  286  species,  representing  83  families,  are  included  in  the 
checklist.  Additions  to  the  list,  however,  are  to  be  expected  from  offshore  habitats.  A  list  of  43 
problematic  or  erroneous  species  is  also  presented. 


INTRODUCTION 

In  recent  years,  the  Gulf  of  Mexico  has  attracted 
the  interest  and  attention  of  many  biologists,  yet  it 
may  be  the  least-known  body  of  water  bounding  the 
continental  United  States.  In  the  Louisiana  area,  the 
marine  fish  fauna  of  Grand  Isle  has  probably  been 
studied  more  than  any  other  Gulf  locality.  Numerous 
collections  by  personnel  of  the  Louisiana  State  Uni- 
versity Marine  Laboratory  on  Grand  Isle  from  1928 
to  1946  resulted  in  an  extensive  faunal  list  (Behre 
1950)  covering  most  of  the  inshore  and  estaurine 
forms.  A  number  of  formal  systematic  studies  were 
also  based  in  part  on  fishes  collected  from  the  Grand 
Isle  area.  In  the  course  of  a  16-month  ecological  sur- 
vey of  the  off'shore  waters  of  Grand  Isle,  1958  to  1960, 
a  number  of  additions  were  made  to  the  list  of  fish 
fauna  of  that  area  (Dawson  1962a,  1962b,  1966).  Ab- 
out this  time  the  Marine  Laboratory  of  the  Louisiana 
Wildlife  and  Fisheries  Commission  was  established, 
and  a  number  of  general  fishery  surveys  were  con- 
ducted. Irwin  (1971)  later  compiled  a  preliminary 
checklist  of  Grand  Isle  fishes  that  was  based  on  his- 
toric literature  and  previously  unpublished  Tulane 
Univesity  museum  records. 

The  purpose  of  this  paper  is  to  provide  an  anno- 
tated checklist  of  the  marine  fish  fauna  of  the  Grand 
Isle  area.  This  checklist  is  intended  to  summarize 
and  expand  our  present  knowledge  of  the  species 
composition  and  distribution  offish  fauna  of  the  Gulf 
of  Mexico.  Hoese  (1958)  noted  the  need  for  central- 
ized information  of  this  type.  Several  specific  needs 
are  fulfilled  in  this  publication.  First,  it  provides  an 
updated  listng  of  the  Grand  Isle  marine  ichthyofauna 
and  thus  serves  as  a  basis  for  future  ecological  stu- 
dies. Second,  the  literature  is  also  widely  scattered  in 
a  variety  of  journals,  and  this  list  will  compile  the 
existing  information  for  the  benefit  of  biologists  un- 
familiar with  the  local  fauna  and/or  literature. 
Third,  this  report  can  alert  biologists  to  problematic, 
obsolete,  and/or  erroneous  records  that  warrant 
further  investigation  or  action.  Thus,  the  continued 
reference  to  incorrect  records  from  the  literature  may 
be  prevented.  Finally,  this  checklist  will  serve  as  a 
definite  point  of  reference  in  the  north-central  Gulf  of 
Mexico  that  will  aid  those  engaged  in  zoogeographic 
studies  of  the  north-western  Atlantic. 


METHODS 

One  of  the  major  problems  in  assembling  this  tax- 
onomic  checklist  has  been  deciding  which  species  to 
include.  It  was  decided  that  all  records  from  the  Bara- 
taria/Caminada  Bay  complexes  and  from  the  area 
offshore  emcompassed  by  the  coordinates  of  28:45 
Latitude  and  89:30  to  90:30  Longitude  (Figure  1) 
should  be  included.  Records  were  not  accepted  unless 
they  were  verified  from  the  area;  in  other  words, 
species  simply  thought  to  possibly  occur  in  the  de- 
fined area  on  the  basis  of  known  geographic  ranges 
were  left  out.  Criteria  for  acceptance  of  historic  liter- 
ature records  are  presented  in  the  following  para- 
graph. Finally,  freshwater  species  are  included  on 
the  basis  of  their  known  existence  in  bay  waters  from 
Little  Lake  southward.  Although  this  inclusion  is 
arbitrary,  it  should  serve  to  eliminate  many  forms 
that  lack  the  osmoregulatory  mechanisms  to  subsist 
in  an  estuarine  environment. 

Distributional  records  were  obtained  from  litera- 
ture, museum  collections,  unpublished  Louisiana 
Department  of  Wildlife  and  Fisheries  surveys,  and 
personal  communications.  A  wealth  of  data  is  avail- 
able from  these  sources.  Unfortunately,  there  are  a 
number  of  erroneous  records.  Individual  species  cita- 
tions were  assessed  as  to  the  relative  reliability  of 
each  publication  or  source,  especially  when  the  re- 
cord in  question  represents  the  sole  occurrence  of  the 
species  in  the  area.  However,  once  the  presence  of  a 
species  was  documented,  criteria  for  acceptance  of 
additional  records  of  the  same  species  were  less  rigid. 

The  species  of  fishes  known  to  occur  in  the  Grand 
Isle  area  are  grouped  under  family  names,  set  as 
center  heads,  and  arranged  in  phylogenetic  sequence 
according  to  Greenwood  et  al.  (1966).  Within  each 
family,  however,  genera  and  species  are  listed  in 
alphabetical  order.  Except  for  several  recent  taxono- 
mic  changes  (see  Hoese  and  Moore  1977),  scientific 
and  common  names  follow  Bailey  ( 1970).  Species  re- 
corded from  the  area  but  not  present  in  formal  scien- 
tific literature  are  followed  by  a  brief  synopsis.  In 
the  other  species,  the  literature  records  are  synono- 
mized  following  the  taxonomic  name  under  which 
they  appeared.  The  species  name  in  current  usage  is 
omitted  from  the  synonomy  when  used  by  an  author; 
rather,  literature  records  referring  to  the  accepted 
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species  name  are  listed  first  in  the  annotation.  Liter- 
ature citations  are  abbreviated.  Following  the  above, 
under  most  species  annotations  is  a  notation  of  the 
general  location  of  the  records  (gulf  or  bay).  These 
excerpts  are  lacking  for  some  species  in  which  the 
location  was  noted  as  "the  Grand  Isle  area."  For  brev- 
ity, nonsystematic  studies  on  single  species  in  the 
Grand  Isle  area  were  usually  omitted  from  the  syno- 
nomy. 

A  list  of  problematic  records  are  also  included  in 
this  report.  The  annotations  or,  in  some  cases,  simple 
literature  citations  are  self-explanatory.  For  the 
most  part,  these  species  found  their  way  into  earlier 
literature  through  misappliction  of  names,  misiden- 
tification  of  specimens,  or  the  inability  to  carry  iden- 
tification down  to  generic  or  species  level. 

In  order  that  the  list  be  as  complete  as  possible,  a 
typed  preliminary  version  was  distributed  to  biolog- 
ists who  had  knowledge  of  the  Grand  Isle  marine  fish 
fauna.  Accompanying  the  list  was  a  letter  requesting 
corrections  or  additions. 


ANNOTATED  CHECKLIST 

ODONTASPIDIDAE 

Odontaspis  taurus  (Rafinesque)  -  sand  tiger 
Carcharias  taurus  -  B-8.  (gulf) 

LAMNIDAE 
Isurus  oxyrinchus  Rafinesque  -  shortfin  mako 
I-l.  (gulf) 

CARCHARHINIDAE 

Aprionodon  isodon  (Valenciennes)  -  finetooth  shark 

I-l. 
Carcharhinus  falciformis  (Bibron)  -  silky  shark 

I-l. 
Carcharhinus  leucas  (Valenciennes)  -  bull  shark 

B-1.  I-l.  W-2.  (bay) 
Carcharhinus  limbatus  (Valenciennes)  -  blacktip  shark 

D-7,  I-l.  Carcharias  limbatus  -  B-3.  (gulf) 
Carcharhinus  milberti  (Valenciennes)  -  sandbar  shark 

I-l. 
Carcharhinus  obscurus  (LeSeur)  -  dusky  shark 

I-l. 
Carcharhinus  porosus  (Ranzani)  -  smalltail  shark 

I-l. 
Galeocerdo  cuvieri  (Person  and  LeSueurl  -  tiger  shark 

I-l. 
Hypoprion  signatus  Poey  -  night  shark 

I-l. 
Mustelus  canis  (Mitchill)  -  smooth  dogfish 

D-4.  Mustelus  sp.  nov.  -  I-l.  (gulf) 
Rhizoprionodon  terraenovae  (Richardson)  -  Atlantic  sharp- 
nose  shark 

I-l,  W-2.  Scoliodon  terra-novae  -  B-3.  (gulf) 

SPHYRNIDAE 
Sphyrna  lewini  (Grifith  and  Smith)  -  scalloped  hammer- 
head 
I-l. 
Sphyrna  mokarran  (Ruppell)  -  great  hammerhead 

I-l. 
Sphryna  tiburo  (Linnaeus)  -  bonnethead 

B-5,  D-4,  I-l.  Reniceps  tiburo  -  B-3.  (gulf) 


PRISTIDAE 

Pristis  pectinata  Latham  -  smalltooth  sawfish 

F-3,  I-l,  P-1.  Prist  IS  pectinatus-  B-3.  (gulf,  bay) 
RHINOBATIDAE 
Rhinobatos  lentiginosus  (Garman)  -  Atlantic  guitarfish 
I-l. 

TORPEDINIDAE 
Narcine  brasiliensis  (Olfers)  -  lesser  electric  ray 

B-3,  B-8,  I-l.  (gulf) 
Torpedo  nobiliana  Bonaparte  -  Atlantic  torpedo 
D-8.  (gulf) 

RAJIDAE 
Raja  eglanteria  Bosc  -  clearnose  skate 

B-3,  B-8.  (gulf) 
Raja  texana  Chandler  -  roundel  skate 
B-6,  B-8,  I-l.  (gulf) 

DASYATIDAE 
Dasyatis  americana  Hildebrand  and  Schroeder  -  southern 
stingray 
B-3,  F-3,  I-l,  S-3.  (bay) 
Dasyatis  centroura  (Mitchill)  -  roughtail  stingray 

S-4.  Dastinachus  centrourus  -  B-3.  (gulf) 
Dasyatis  sabina  (LeSueur)  -  Atlantic  stingray 

B-1,  B-2,  B-6,  G-9,  G-10,  I-l,  P-1,  T-1,  W-2.  (gulf,  bay) 
Dasyatis  sayi  (LeSueur)  -  bluenose  stingray 

I-l.  Amphotistius  say  -  B-3.  Dasyatis  say  -  B-6.  (gulf) 
Gymnura  micrura  (Bloch  and  Schneider)  -  smooth  butterfly 
ray 
B-6,  I-l,  S-4.  Pteroplatea  micrura  -  B-3.  (gulf) 

MYLIOBATIDAE 
Aetobatus  narinari  (Euphrasen)  -  spotted  eagle  ray 

I-l.  Stoasodon  narinari  -  B-3. 
Rhinoptera  bonasus  (Mitchill)  -  cownose  ray 

B-2,  B-3,  I-l,  S-4.  (gulf) 

MOBULIDAE 
Manta  birostris  (Walbaum)  -  Atlantic  manta 
B-3,  I-l,  S-4.  (gulf) 

ACIPENSERIDAE 
Acipenser  oxyrhynchus  Mitchill  -  Atlantic  sturgeon 
I-l. 

LEPISOSTEIDAE 
Lepisosteus  oculatus  (Winchell)  -  spotted  gar 

B-1,  I-l,  T-1,  W-2.  (bay) 
Lepisosteus  osseus  (Linnaeus)  -  longnose  gar 

B-1,  B-3,  I-l.  (bay) 
Lepisosteus  spatula  Lacepede  -  alligator  gar 
B-1,  I-l,  P-1,  S-3,  W-2.  (bay) 
ELOPIDAE 
Elops  saurus  Linnaeus  -  ladyfish 

B-1,  B-2,  B-3,  D-6,  F-3,  I-l,  M-1,  P-1,  S-1,  S-3,  W-2. 
(gulf  bay) 
Megalops  atlantica  Valenciennes  -  tarpon 
I-l.  Tarpon  atlanticus   -  H-5.  (gulf,  bay) 
ANGUILLIDAE 
Anguilla  rostrata  (LeSueur)  -  American  eel 
B-3,  G-6,  I-l,  M-1,  S-1.  (bay) 

MURAENIDAE 
Gymnothorax  moringa  (Cuvier)  -  spotted  moray 

S-3. 
Gymnothorax  ocellatus  Agassiz  -  ocellated  moray 

Gymnothorax  nigromarginatus  -  D-4,  I-l.  (gulf) 
Gymnothorax  vicinus  (Castelnau)  -  purplemouth  moray 
Marine  Lab  fish  collection.  Collected  25  miles  south  of 
Grand  Isle  in  May  1961.  (gulf) 


MURAENESOCIDAE 

Hoplunnis  macrurus  Ginsburg  -  silver  conger 
D-4,  I-l,  S-4.  (gulf) 

CONGRIDAE 
Congrina  flava  (Goode  and  Bean)  -  yellow  conger 

D-4,  I-l,  T-1,  W-2.  Congrinia  macrosoma  -  W-5.  (gulf, 
bay) 
Neoconger  mucronatus  Girard  -  slender  pike  eel 

D-2,  I-l.  (gulf) 
Paraconger  caudilimbatus  (Poey)  -  margintail  conger 
S-1.  (bay) 

OPHICHTHIDAE 

Bascanichthys  scuticaris  (Goode  and  Bean)  -  whip  eel 
Marine  Lab  fish  collection.  Collected  on  Grand  Isle 
beach  on  10  May  1971.  (gulf) 
Gordiichthys  irretitus  Jordan  and  Davis  -  horsehair  eel 
Marine  Lab  fish  collection.  Collected  at  Bayou  Four- 
chon  on  10  April  1971.  (bay) 
Myrophls  punctatus  Lutken  -  speckled  worm  eel 

B-1,  D-8,  G-6,  I-l,  M-1,  P-1,  S-1.  (bay) 
Mystriophis  intertinctus  (Rhichardson)  -  spotted  spoon- 
nose  eel 
Marine  Lab  fish  collection.  Caught  in  Gulf  of  Mexico 
south  of  Grand  Isle,  (gulf) 
Mystriophis  mordax  (Poey)  -  snapper  eel 

D-4,  I-l.  (gulf) 
Ophichthus  gomesi  (Castelnau)  -  shrimp  eel 

B-1,  B-2,  D-6,  D-8,  F-3,  G-6,  I-l,  S-1,  S-3,  S-4,  W-2. 
Ophichthus  gomesii  -  B-3.  (gulf,  bay) 
Ophichthus  ocellatus  (LeSueur)  -  palespotted  eel 

Marine  Lab  fish  collection.  Captured  in  Cat  Bay  in 
May,  1961.  (bay) 
Ophichthus  spinicauda  -  sp.  nov. 
I-l. 

CLUPEDAE 
Alosa  alabamae  Jordan  and  Evermann  -  Alabama  shad 

B-3,  F-3,  H-6.  (bay) 
Alosa  chrysochloris  (Rafinesque)  -  skipjack  herring 

B-1,  D-6,  D-8,  F-3,  I-l,  P-1,  W-2.  Pomolobus  chrysoch- 
loris -  B-3.  (bay) 
Brevoortia  gunteri  (Hildebrand)  -  finejcale  menhaden 

D-1,  H-4,  H-6,  (gulD 
Brevoortia  patronus  Goode  -  Gulf  menhaden 

B-1,  B-2,  B-8,  D-6,  D-8,  I-l.  P-1,  W-2.  (gulf,  bay) 
Dorosoma  cepedianum  (LeSueur)  -  gizzard  shad 

B-1,  B-2,  B-3,  D-8,  I-l,  P-1,  W-2.  (bay) 
Dorosoma  petenense  (Gunther)  -  threadfin  shad 

B-2,  D-8,  F-3,  I-l, P-1,  W-2.  Signalosa  atchafalayae  - 
B-3,  G-9,  G-10.  (gulf,  bay) 
Etrumeus  teres  (DeKay)  -  round  herring 

D-4,  I-l.  Eutremes  sadina  -  B-8.  (gulf) 
Harengula  pensacolae  Goode  and  Bean  -  scaled  sardine 
B-1,  B-2,  B-3,  B-8,  D-8,  F-3,  I-l,  P-1,  S-1,  S-4,  T-1,  W-2. 
(gulf,  bay) 
Opisthonema  oglinum  (LeSueur)  -  Atlantic  thread  herring 
B-1,  B-2,  B-3,  B-8,  D-8,  F-3,  I-l,  P-1,  T-1,  W-2.  (gulf, 
bay) 
Sardinella  anchovia  Valencienes  -  Spanish  sardine 
B-8,  I-l,  W-1.  (gulf) 

ENGRAULIDAE 
Anchoa  cubana  (Poey)  -  Cuban  anchovy 

H-3,  H-7,  S-1.  (gulf,  bay) 
Anchoa  hepsetus  (Linnaeus)  -  striped  anchovy 

B-1,  B-2,  B-3,  B-8,  D-6,  D-8,  F-3,  H-7,  I-l,  P-1,  S-1,  S-3, 
T-1,  W-2.  Anchoa  h.  hepsetus  -  S-4.  (gulf,  bay) 


Anchoa  nasuta  Hildebrand  and  Carvalho  -  longnose 
anchovy 
Anchoa  lyolepis  -  B-1,  B-2,  H-3,  H-7,  S-1,  W-2.  (gulf, 
bay) 
Anchoa  mitchilli  (Valenciennes)  -  bay  anchovy 

B-1,  B-2.  D-6,  D-8,  F-3,  I-l,  L-2,  M-1,  P-1,  S-1,  T-1,  W-2. 
Anchoa  mitchilli  disphana  -  B-3,  H-1,  H-5.  Ancho- 
viella  epsetus  -  G-9,  G-10.  (gulf,  bay) 
SYNODONTIDAE 
Saurida  brasiliensis  Norman  -  largescale  lizardfish 

D-4,  I-l.  (gulf) 
Sy nodus  foetens  (Linnaeus)  -  inshore  lizardfish 

B-1,  B-2,  B-3,  B-8,  D-6,  D-8,  F-3,  G-9,  I-l,  P-1,  S-1,  S-3, 
S-4.  (gulf,  bay) 
Synodus  poeyi  Jordan  -  offshore  lizardfish 
I-l. 

ARIIDAE 

Arius  felis  (Linnaeus)  -  sea  catfish 

B-1,  B-2,  D-7,  D-8,  I-l,  S-1,  W-2.  Galeichthysfelis  -  B-3, 
B-8,  F-3,  G-10,  P-1,  S-4,  T-1.  Galeichthys  milberti  - 
G-9.  (gulf,  bay) 
Bagre  marinus  (Mitchil!)  -  gafftopsail  catfish 

B-2,  B-8,  D-6,  D-7,  D-8,  F-3,  G-10,  I-l,  P-1,  T-1,  W-2. 
Bagre  marina  -  B-3,  S-3.  Felichthys  felis  -  G-9.  (gulf, 
bay) 

APHREDODERIDAE 
Aphredoderus  sayanus  (Gilliams)  -  pirate  perch 
B-1.  (bay) 

BATRACHOIDIDAE 
Opsanus  beta  (Goode  and  Bean)  -  Gulf  toadfish 

B-],  D-8,  I-l,  P-1,  S-3,  T-1,  W-2.  Opsanus  tau  -  B-3. 
(bay) 
Opsanus  pardus  (Goode  and  Bean)  -  leopard  toadfish 

B-3,  D-7,  I-l.  (gulf,  bay) 
Porichthys  porossisimus  (Valenciennes)  -  Atlantic  mid- 
shipman 
B-1,  D-9,  G-2,  I-l,  P-1,  S-4,  T-1,  W-2.  Natutopaedium 
porossisimus  -  B-3,  S-3.  (gulf,  bay) 
GOBIESOCIDAE 
Gobiesox  strumosus  Cope  -  skilletfish 

B-2,  B-7,  D-8,  F-3,  I-l,  M-1,  P-1,  S-1,  W-2.  Gobiesox 
virgatulus  -  B-3. 

ANTENNARIIDAE 
Antennarius  radiosus  Garman  -  singlespot  frogfish 

B-2,  B-3,  D-8,  I-l,  S-4.  (gulf,  bay) 
Histrio  histrio  (Linnaeus)  -  sargassumfish 

F-3,  I-l,  S-1,  T-1,  W-2.  Histrio  gibba  -  B-3.  (gulf,  bay) 
Phrynelox  scaber  (Cuvier)  -  splitlure  frogfish 
Antennarius  scaber  -  S-4.  (gulf) 

OGCOCEPHALIDAE 
Halieutichthys  aculeatus  (Mitchill)  -  pancake  batfish 

D-4,  I-l.  S-4.  (gulf) 
Ogcocephalus  radiatus  (Mitchell)  -  polka-dot  batfish 

B-3,  I-l.  (bay) 
Ogcocephalus  sp.  nov. 

D-4,  I-l.  (gulf) 

Ogococephalus  sp.  nov. 

D-4,  I-l.  (gulf) 

BREGMACEROTIDAE 
Bregmaceros  atlanticus  Goode  and  Bean  -  antenna  codlet 
D-4,  I-l.  (gulf) 

GADIDAE 
Urophycis  cirratus  (Groode  and  Bean)  -  Gulf  hake 

B-2.  (gulf,  bay) 
Urophycis  floridanus  (Bean  and  Dresel)  -  southern  hake 
B-1,  B-2,  B-3,  D-8,  G-9,  G-10,  I-l,  P-1,  T-1,  W-2.  (gulf, 
bay) 


Urophycis  regius  (Walbaum)  -  spotted  hake 

Marine  Lab  fish  collection.  Collected  in  Barataria  Pass 
on  March  22,  1966.  (bay) 

OPHIDIIDAE 
Brotula  barbata  (Bloch  and  Schneider)  -  bearded  brotula 

B-3,  I-l,  S-3,  S-4.  (gulf) 
Gunterichthys  longipenis  Dawson  -  gold  brotula 

W-1,  W-2,  W-4.  (bay) 
Lepophidium  graellsi  (Poey)  -  blackedge  cusk-eel 

D-4,  I-l,  T-1,  W-2.  (gulf,  bay) 
Ophidian  holbrooki  (Putnam)  -  bank  cusk-eel 

Marine  Lab  fish  collection.  Taken  25  miles  south  of 
Grand  Isle  May,  1961  (gulf) 
Ophidian  welshi  (Nichols  and  Breder)  -  crested  cusk-eel 
B-2,  D-4,  D-8,  I-l,  S-1.  Otophidium  welshi  -  S-4.  (gulf, 
bay) 
Rissola  marginata  (DeKay)  -  striped  cusk-eel 
Risssola  marginatum  -  D-4.  (gulf) 
MACROURIDAE 
Stendachneria  argentea  Goode  and  Bean  -  grenadier 
D-2,  I-l.  (gulf) 

EXOCOETIDAE 
Cypselurus  heterurus  (Rafinesque)  -  Atlantic  flyingfish 
Marine  Lab  fish  collection.  Collected  in  Barataria  Pass 
on  June  6,  1973.  (bay) 
Hirundichthys  affinis  (Gunther)  -  fourwing  flyingfish 
Marine  Lab  fish  collection.  Captured  in  boat  basin  at 
Marine  Lab  on  December  7,  1961.  (bay) 
Hirundichthys  rondeleti  (Valenciennes)  -  blackwing  flying- 
fish 
W-2.  (bay) 
Hyporhamphus  unifasciatus  (Ranzani)  -  halfbeak 

F-3,  I-l,  S-4,  W-2.  (gulf,  bay) 
Prognichthys gibbifrons  (Valenciennes)  -  bluntnose  flying- 
fish 
Marine  Lab  fish  collection.  Taken  in  boat  basin  at 
Marine  Lab  on  May  13,  1971.  (bay) 
BELONIDAE 
Strangylura  marina  (Walbaum)  -  Atlantic  needlefish 
B-1,  B-3,  D-6,  F-3,  I-l,  P-1,  S-3,  T-1,  W-2.  (bay) 
CYPRINODONTIDAE 
Adinia  xenica  (Jordan  and  Gilbert)  -  diamond  killifish 
B-1,  D-6,  F-2,  F-3,  I-l,  M-1,  S-1,  T-1,  W-2.  Adinia 
multifasciata  -  S-3.  (bay) 
Cyprinodon  variegatus  Lacapede  -  sheepshead  minnow 
B-1,  B-3,  D-6,  D-8,  F-2,  F-3,  I-l,  M-1,  P-1,  S-1,  T-1,  W-2. 
(bay) 
Fundulus  grandis  Biard  and  Girard  -  Gulf  killifish 

B-1,  D-6,  D-8,  F-2,  F-3,  I-l,  M-1,  P-1,  S-1,  T-1,  W-2. 
(bay) 
Fundulus  jenkinsi  (Evermann)  -  saltmarsh  topminnow 

F-2,  F-3,  H.  (bay) 
Fundulus  pulvereus  (Evermann)  -  bayou  killifish 

B-1,  F-2,  I-l,  M-1,  T-1.  Fundulus  confluentus  -  D-6,  T-1, 
W-2.  (bay) 
Fundulus  similis  (Baird  and  Girard)  -  longnose  killifish 
B-1,  B-3,  D-6,  D-8,  F-2,  I-l,  M-1,  P-1,  S-1,  S-3,  W-2. 
(bay) 
Lucania  parva  (Baird)  -  rainwater  killifish 
B-1,  D-6,  F-3,  I-l,  M-1,  T-1.  (bay) 
POECILIIDAE 
Gambusia  affinis  (Baird  and  Girard)  -  mosquitofish 

B-1,  I-l,  T-1,  W-2.  (bay) 
Heterandria  formosa  Agassiz  -  least  killifish 
B-1.  (bay) 


Poecilia  latipinna  (LeSueur)  -  sailfin  molly 

B-1,  D-6,  I-l,  M-1,  W-2.  Mollienesia  latipinna  - 
B-3,  S-3,  T-1.  (bay) 

ATHERINIDAE 
Menidia  beryllina  (Cope)  -  tidewater  silverside 

B-1,  D-6,  D-8,  F-3,  I-l,  M-1,  P-1,  S-1,  W-2.  Menidia 
peninsualae  -  B-3.  (bay) 
Membras  martinica  (Valenciennes)  -  rough  silverside 

B-1,  D-4,  D-6,  D-8,  F-3,  I-l,  P-1,  S-1,  W-2. 
Membras  vagrans  -  S-3.  (gulf  bay) 
Menidia  beryllina  (Cope)  -  tidewater  silverside 

B-1,  D-6,  D-8,  F-3,  I-l,  M-1,  P-1,  S-1,  W-2.  Menidia 
peninsualae  -  B-3.  (bay) 

FISTULARIIDAE 
Fistularia  tabacaria  Linnaeus  -  blue  spotted  cornetfish 

D-2,  I-l.  (gulf) 

SYNGNATHIDAE 
Hippocampus  erectus  Perry  -  lined  seahorse 

I-l.  Hippacampus  hudsonius  -  S-3.  (bay) 
Hippocampus  zosterae  Jordan  and  Gilbert  -  dwarf  sea- 
horse. 

I-l.  (bay) 
Syngnathus  floridae  (Jordan  and  Gilbert)  -  dusky  pipefish 

B-1,  B-3,  I-l,  S-1,  T-1,  W-2.  (bay) 
Syngnathus  louisianae  Gunther  -  chain  pipefish 

B-1,  B-2,  B-3,  I-l,  S-1,  T-1,  W-2.  (gulf  bay) 
Syngnathus  scovelli  (Evermann  and  Kendall)  -  Gulf  pipe- 
fish 

B-1,  D-6,  F-3,  M-1,  P-1,  S-1,  T-1,  W-2.  (bay) 
PERCICHTHYIDAE 
Marane  saxatilis  (Walbaum)  -  striped  bass 

H-2.  (bay) 

SERRANIDAE 
Centrapristis  philadelphica  (Linnaeus)  -  rock  sea  bass 

D-8,  I-l,  P-1,  T-1,  W-2.  Centrapristis  philadelphicus  - 
D-4,  S-3,  S-4.  (gulf,  bay) 
Centrapristis  striata  (Linnaeus)  -  black  sea  bass 

I-l. 
Diplectrum  bivittatum  (Valenciennes)  -  dwarf  sand  perch 

Diplectrum  arcurium  -  D-4,  I-l,  S-4.  (gulf) 
Diplectrum  farmosum  (Linnaeus)  -  sand  perch 

S-4.  (gulf) 
Epinephelus  adscensionis  (Osbeck)  -  rock  hind 

I-l. 
Epinephelus  flavolimbatus  Poey  -  yellowedge  grouper 

I-l. 
Epinephelus  itajara  (Lichtenstein)  -  jewfish 

I-l.  Promicrops  itaira  -  B-3.  (gulf) 
Epinephelus  nigritus  (Holbrook  )  -  Warsaw  grouper 

B-8,  D-7,  I-l.  Garrupa  nigrita  -  B-3,  S-3,  S-4.  (gulf) 
Hemanthias  vivanus  (Jordan  and  Swain)  -  red  barbier 

W-3.  (gulf) 
Mycteroperca  bonaci  (Poey)  -  black  grouper 

B-8,  S-3.  (gulf) 
Mycteroperca  microlepis  (Goode  and  Bean)  -  gag 

I-l. 
Mycteroperca  phenax  Jordan  and  Swain  -  scamp 

D-7.  Mycteroperca  falcata  -  S-4.  (gulf) 
Mycteroperca  venenosa  (Linnaeus)  -  yellowfish  grouper 

B-8.  (gulf) 
Serranus  atrabranchus  (Cuvier)  -  blackear  bass 

D-4,  I-l.  Paracentropristis  pompspilus  -  S-4.  (gulf) 
Serranus  phaebe  Poey  -  tattler 

Prionodes  phoebe  -  B-3,  S-4.  (gulf) 
GRAMMISTIDAE 
Rypticus  maculatus  Holbrook  -  whitespotted  soapfish 

D-7.  Rypticus  saponaeceus  -  D-2,  I-l.  (gulf) 


CENTRARCHIDAE 

Micropterus  salmoides  (Lacapede)  -  largemouth  bass 
M-1.  (bay) 

PRIACANTHIDAE 
Pristigenys  alta  (Gill)  -  short  bigeye 

Grand  Terre  fish  collection.  Taken  south  of  Grand  Isle 
on  September  9,  1962.  (gulf) 

POMATOMIDAE 
Pomatomus  saltatrix  (Linnaeus)  -  bluefish 

B-3,  B-8,  D-7,  D-8,  F-3,  I-l,  P-1,  S-3,  W-2.  (gulf,  bay) 

RACHYCENTRIDAE 
Rachycentron  canadum  (Linnaeus)  -  cobia 

D-7,  D-8,  I-l,  W-3.  Rachycentron  canadus  -  B-3,  S-3. 
(gulf,  bay) 

ECHENEIDAE 
Echeneis  naucrates  Linnaeus  -  sharksucker 

B-3,  I-l.  (gulf) 
Reniora  remora  (Linnaeus)  -  remora 

F-3.  (bay) 

CARANGIDAE 

Alectis  crinitus  (Mitchill)  -  African  pompano 

I-l,  P-1,  W-3.  (bay) 
Caranx  bartholomaei  Cuvier  -  yellow  jack 

Grand  Terre  fish  collection.  Collected  in  Grand  Isle 
area  on  June  28,  1961. 
Caranx  crysos  (Mitchill)  -  blue  runner 

D-4,  D-7,  F-3,  G-8,  I-l,  S-3,  S-4.  (gulf,  bay) 
Caranx  hippos  (Linnaeus)  -  crevalle  jack 

B-1,  B-2,  B-3,  D-6,  D-7,  D-8,  F-3,  G-8,  G-9,  G-10,  I-l, 
P-1,    S-1,  S-3,  T-1,  W-2.  (gulf,  bay) 
Caranx  latus  Agassiz  -  horse-eye  jack 

B-3,  F-3,  I-l,  W-2.  (bay) 
Caranx  ruber  (Bloch)  -  bar  jack 

I-l. 
Chloroscombrus  chrysurus  (Linnaeus)  -  Atlantic  bumper 

B-1,  B-2,  B-3,  D-6,  D-8,  F-3,  G-8,  G-9,  G-10, 1-1,P-1,  S-1, 
T-1,  W-2.  (gulf,  bay) 
Decapterus  punctatus  (Agassiz)  -  round  scad 

B-8.  (gulf) 
Elagatis  bipinnul ata  iQuoy  and  Gaimard)  -  rainbow  runner 

I-l. 
Hemicaranx  amblyrhynchus  (Cuvier)  -  bluntnose  jack 

I-l. 
Oligoplites  saurus  (Bloch  and  Schneider)  -  leatherjacket 

B-1,  B-3,  F-3,  G-8,  I-l,  P-1,  S-1,  W-2.  (gulf,  bay) 
Selar  crumenophthalmus  (Bloch)  -  bigeye  scad 

D-4,  G-8.  (gulf) 
Selene  vomer  (Linnaeus)  -  lookdown 

B-1,  B-2,  D-8,  F-3,  G-8,  G-9,  G-10,  I-l,  P-1,  S-1,  S-3, 
W-2.  Argyreiosus  vomer  -  B-3.  (gulf,  bay) 
Seriola  dumerili  (Risso)  -  greater  amberjack 

D-7,  I-l.  (gulf) 
Seriola  rivoliana  Valenciennes  -  almaco  jack 

I-l. 
Trachinotus  carolinus  (Linnaeus)  -  Florida  pompano 

B-1,  B-2,  D-4,  D-6,  D-8,  F-3,  G-8,  I-l,  P-1,  S-1,  S-3,  W-2. 
(gulf,  bay) 
Trachinotus  falcatus  (Linnaeus)  -  permit 

B-3,  F-3,  I-l,  S-1,  W-2,  (bay) 
Trachurus  lathami  Nichols  -  rough  scad 

D-4,  I-l,  M-1,  S-4.  (gulf,  bay) 
Trachurus  symmetricus  (Ayres)  -  jack  mackerel 

Marine  Lab  fish  collection.  Collected  15  miles  south  of 
Grand  Isle  on  April  9,  1970.  (gulf) 


Vomer  setapinnis  (Mitchill)  -  Atlantic  moonfish 

B-1,  B-2,  B-8,  F-3,  G-8,  G-9,  G-10,  I-l,  P-1,  S-3,  T-1, 
W-2.  (gulf,  bay) 

CORYPHAENIDAE 
Coryphaena  equisetis  Linnaeus  -  pompano  dolphin 

I-l,  W-2.  (gulf) 
Coryphena  hippurus  Linnaeus  -  dolphin 
"B-3,  D-7,  G-1,  I-l,  S-1,  S-3. (gulf,  bay) 
LUTJANIDAE 
Lutjanus  apodus  (Walbaum)  -  schoolmaster 

Litianus  apodus  -  B-3.  (bay) 
Lutjanus  campechanus  (Poey)  -  red  snapper 

D-4.  D-7,  I-l.  Lutianus  blackfordii  -  B-8,  S-4.  Lutjanus 
aya  -  S-3.  (gulf) 
Lutjanus  griseus  (Linaeus)  -  gray  snapper 

B-1,  D-4,  D-7,  I-l,  M-1,  S-1,  T-1,  W-2.  (gulf,  bay) 
Lutjanus  jocu  (Bloch  and  Schneider)  -  dog  snapper 

I-l. 
Lutjanus  synagris  (Linnaeus)  -  lane  snapper 

D-7,  D-8,  I-l,  P-1,  S-1,  S-3,  W-2.  Lutianus  synagris  - 
B-3,  S-4.  (gulf,  bay) 
Pristipomoides  aquilonaris  (Goode  and  Bean)  -  wenchman 

I-l.  Pristipomoidae  andersoni  -  D-4.  (gulf) 
Rhomboplites  aurorubens  (Cuvier)  -  Vermilion  snapper 
I-l. 

LOBOTIDAE 
Lobotes  surinamensis  (Bloch)  -  tripletail 
B-3,  F-3,  I-l,  S-1,  T-1,  W-2.  (gulf,  bay) 
GERREIDAE 
Diapterus  plumieri  (Cuvier)  -  striped  mojarra 

Marine  Lab  fish  collection.  Collected  at  Four-Bayou 
Pass  on  September  20,  1962.  (bay) 
Eucinostomus  argenteus  Baird  and  Girard  -  spotfin  mojarra 

B-1,  D-6,  I-l,  S-1,  T-1,  W-2.  (bay) 
Eucinostomus  gula  (Quoy  and  Gaimard)  -  silver  jenny 

B-1,  B-2,  D-4,  D-8,  I-l,  M-1,  T-1,  W-2.  (gulf,  bay) 
Gerres  cinereus  (Walbaum)  -  yellowfin  mojarra 
B-3,  I-l. 

POMADASYIDAE 
Conodon  nobolis  (Linnaeus)  -  barred  grunt 

D-2.  (gulf) 
Orthopristis  chrysoptera  (Linnaeus)  -  pigfish 

D-8,  I-l,  S-1.  Orthopristis  chryospterus  -  B-3,  5-3.  (gulf, 
bay) 

SPARIDAE 
Archosargus  probatocephalus  (Walbaum)  -  sheepshead 
B-1,  B-2,  B-3,  D-6,  D-7,  D-8,  F-3,  G-9,  I-l,  M-1,  S-1,  S-3, 
T-1,  W-2.  (gulf,  bay) 
Lagodon  rhomboides  (Linnaeus)  -  pinfish 

B-1,  B-3,  B-8,  D-6,  D-7,  D-8,  F-3,  I-l,  M-1,  S-1,  S-3,  S-4, 
T-1,  W-2.  (gulf,  bay) 
Stenotomus  caprinus  Bean  -  longspine  porgy 
B-8,  D-4,  I-l,  S-4.  (gulf) 

SCIAENIDAE 
Bairdiella  chrysura  (Lacepede)  -  silver  perch 

B-1,  B-2,  B-3,  D-6,  D-8,  F-3,  G-9,  I-l,  M-1,  P-1,  S-1,  S-3, 
T-1,  W-2.  (gulf,  bay) 
Cynoscion  arenarius  Ginsburg  -  sand  seatrout 

B-1,  B-2,  B-3,  D-6,  D-7,  D-8,  F-3,  G-9,  G-10,  I-l,  P-1, 
S-1,  S-3,  S-4,  T-1,  W-2.  (gulf,  bay) 
Cynoscion  nebulosus  (Cuvier)  -  spotted  seatrout 

B-1,  B-2,  B-3,  D-6,  D-7,  D-8,  F-3,  G-9,  G-10,  I-l,  P-1, 
S-1,  S-3,  T-1,  W-2.  (gulf,  bay) 
Cynoscion  nothus  (Holbrook)  -  silver  seatrout 

B-1,  B-2,  B-3,  B-8,  D-7,  D-8,  G-9,  G-10,  I-l,  S-3,  S-4. 
(gulf,  bay) 


Equetus  umbrosus  Jordan  and  Eigenmann  -  cubbyu 

I-l.  (gulf) 
Larimus  fasciatus  Holbrook  -  banded  drum 

B-2,  B-3,  D-6,  D-8.  F-3,  G-9,  G-10,  I-l,  P-1,  T-1,  W-2. 
(gulf,  bay) 
Leiostomus  xanthurus  Lacepede  -  spot 

B-1,  B-2,  B-3,  B-8,  D-6,  D-8,  F-3,  G-9,  G-10,  I-l,  P-1, 
S-1,  S-3,  S-4,  T-1,  W-2.  (gulf,  bay) 
Menticirrhus  americanus  (Linnaeus)  -  southern  kingfish 
B-1,  B-2,  B-3,  B-8,  D-6,  D-8,  F-3,  G-9,  G-10,  I-l,  P-1, 
S-1,  S-4,  T-1,  W-2.  (gulf  bay) 
Menticirrhus  littoralis  (Holbrook)  -  Gulf  kingfish 

B-1,  B-3,  F-3,  I-l,  S-1,  S-3,  W-2.  (gulf  bay) 
Menticirrhus  saxatilis  (Bloch  and  Schneider)  -  northern 
kingfish 
I-l.  Menticirrhus  focaliger  -  S-1.  (bay) 
Micropogon  undulatus  (Linnaeus)  -  Atlantic  croaker 

B-1,  B-2,  B-3,  B-8,  D-6,  D-7,  D-8,  F-3,  G-9,  G-10,  I-l, 
P-1,  S-1,  S-3,  S-4,  T-1,  W-2.  (gulf,  bay) 
Pogonias  cromis  (Linnaeus)  -  black  drum 

B-1,  B-3,  B-8,  D-7,  D-8,  F-3,  I-l,  M-1,  P-1,  S-1,  T-1,  W-2. 
(gulf  bay) 
Sciaenops  ocellata  (Linnaeus)  -  red  drum 

B-3,  D-7,  D-8,  F-3,  I-l,  P-1,  S-1,  S-3,  T-1-  W-3.  (gulf, 
bay) 
Stellifer  lanceolatus  (Holbrook)  -  star  drum 

B-1,  B-2,  B-3,  D-8,  G-9,  G-10,  S-1,  S-4.  (gulf,  bay) 
MULLIDAE 
Mullus  auratus  Jordan  and  Gilbert  -  red  goatfish 

Upeneus  auratus  -  S-4.  (gulf) 
Upeneus  parvus  (Poey)  -  dwarf  goatfish 
D-4,  I-l.  (gulf) 

KYPHOSIDAE 
Kyphosus  sectatrix  (Linnaeus)  -  Bermuda  chub 
W-3.  (gulf) 

EPHIPPIDAE 
Chaetodipterus  faber  (Broussonet)  -  Atlantic  spadefish 
B-1,  B-2,  B-3,  B-8,  D-6,  D-8,  F-3,  G-9,  I-l,  P-1,  S-1,  S-3, 
S-4,  T-1,  W-2.  (gulf,  bay) 

CHAETODONTIDAE 
Holacanthus  bermudensis  Goode  -  blue  angelfish 
I-l,  W-3.  (gulf) 

MUGILIDAE 
Mugil  cephalus  Linnaeus  -  striped  mullet 

B-1,  B-3,  D-6,  D-8,  F-3,  G-9,  I-l,  L-1,  M-1,  P-1,  P-2, 
S-1,  S-3,  T-1,  W-2.  (gulf,  bay) 
Mugil  curema  Valenciennes  -  white  mullet 
B-3,  I-l,  S-1,  S-3,  W-3.  (bay) 

SPHYRAENIDAE 
Sphyraena  barracuda  (Walbaum)  -  great  barracuda 

B-8,  D-4,  D-8,  I-1,P-1,  S-1.  (gulf,  bay) 
Sphyraena  borealis  DeKay  -  northern  sennet 

F-3,  I-l,  S-4.  (gulf,  bay) 
Sphyraena  guachancho  Cuvier  -  guaguanche 
B-2,  B-3,  I-l,  P-1,  W-3.  (bay) 

POLYNEMIDAE 
Polydactylus  octonemus  (Girard)  -  Atlantic  threadfin 
B-1,  B-2,  B-8,  D-8,  I-l,  P-1,  S-1,  S-4,  T-1,  W-2. 
Polynemus  octonemus  -  B-2,  G-9,  G-10.  (gulf  bay) 

URANOSCOPIDAE 

Astroscopus  y-graecum  (Cuvier)  -  southern  stargazer 
B-1,  B-2,  B-3,  B-4,  D-8,  F-3,  I-l,  S-1,  S-3,  T-1,  W-2. 
(gulf,  bay) 

Kathetostoma  albigutta  (Bean)  -  lancer  stargazer 
B-4.  (gulf) 


BLENNIIDAE 

Chasmodes  bosquinanus  (Lacepede)  -  striped  blenny 

I-l.  Chasmodes  suburrae  -  S-3. 
Hypleurochilus  geminatus  (Wood)  -  crested  blenny 

B-2,  B-3,  I-l.  (bay) 
Hypsoblennius  hentzi  (LeSueur)  -  feather  blenny 

I-l. 
Hypsoblennius  ionthas  (Jordan  and  Gilbert)  -  freckled 
blenny 

B-3,  D-8,  I-l,  P-1,  S-3,  T-1,  W-2.  (bay) 
ELEOTRIDAE 
Dormitator  maculatus  (Bloch)  -  fat  sleeper 

B-1,  B-3,  M,  S-1,  T-1,  W-2.  (bay) 
Eleotris  pisonis  (Gmelin)  -  spinycheek  sleeper 

B-3,  D-8,  I-l,  T-1,  W-2.  (bay) 
Erotelis  smaragdus  (Valenciennes)  -  emerald  sleeper 

B-1, D-8, I-l, W-3.  Erotelius smaragdus civitatum  -S-1, 
W-1,  W-2.  (bay) 

GOBIIDAE 
Bathygobius  soporator  (Valenciennes)  -  frillfin  goby 

B-1,  B-3,  I-l,  S-3.  (bay) 
Bollmannia  communis  Ginsburg  -  ragged  goby 

D-4,  D-5,  I-l.  (gulf) 
Evorthodus  lyricus  (Girard)  -  lyre  goby 

B-3,  I-1,"M-1,  S-1,  W-2.  (bay) 
Gobioides  broussonneti  Lecepede  -  violet  goby 

I-l,  P-1,  T-1,  W-2.  Gobioides  broussonnettii  -  D-4.  (bay) 
Gobionellus  boleosoma  (Jordan  and  Gilbert)  -  darter  goby 

B-1,  B-2,  D-6,  D-8,  G-3,  M,  M-1,P-1,  S-1,  T-1,  W-2. 
(bay) 
Gobionellus  hastatus  Girard  -  sharptail  goby 

B-1,  B-2,  B-3,  D-6,  D-8,  M,  M-1,  P-1,  S-1,  T-1,  W-2. 
(bay) 
Gobionellus  shufeldti  (Jordan  and  Eigenmann)  -  freshwa- 
ter goby 

B-1,  D-8,  G-3,  I-l,  W-2.  (bay) 
Gobiosoma  bosci  (Lacepede)  -  naked  goby 

B-1,  B-2,  B-3,  D-6,  D-8,  F-3,  G-4,  I-l,  M-1,  P-1, T-1,  W-2. 
(bay) 
Gobiosoma  robustum  Ginsburg  -  code  goby 

B-1,  G-4,  I-l,  W-2.  (bay) 
Microgobius  gulosus  (Girard)  -  clown  goby 

B-1,  I-l,  M-1,  S-1,  T-1,  W-2.  (bay) 
Microgobius  thalassinus  (Jordan  and  Gilbert)  -  green  goby 

D-6,  D-8,  I-l,  T-1,  W-2.  (bay) 

MICRODESMIDAE 
Microdesmus  lanceolatus  Dawson  -  lancetail  wormfish 

D-3,  D-5,  H-5,  I-l,  W-4.  (gulf) 
Microdesmus  longipinnis  (Weymouth)  -  pink  wormfish 

I-l. 

TRICHIURIDAE 
Trichiurus  lepturus  Linnaeus  -  Atlantic  cutlassfish 

B-1,  B-2,  B-3,  B-8,  D-6,  D-7,  D-8,  F-3,  G-9,  G-10,  I-l, 
P-1,  S-4,  T-1,  W-2.  (gulf  bay) 
SCOMBRIDAE 
Acanthocybium  solanderi  (Cuvier)  -  wahoo 

D-7,  I-l.  (gulf) 
Euthynnus  alletteratus  (Rafinesque)  -  little  tunny 

D-7,  I-l,  S-3,  S-4.  (gulf) 
Euthynnus  pelamis  (Linnaeus)  -  skipjack  tuna 

D-7,  F-1,  M.  (gulf) 
Sarda  sarda  (Bloch)  -  Atlantic  bonito 

D-7,  I-l.  (gulf) 
Scomberomorus  cavalla  (Cuvier)  -  king  mackerel 

D-7,  I-l,  S-3,  T-1,  W-2.  (gulf  bay) 


Scomberomorus  maculatus  (Mitchill)  -  Spanish  mackerel 

B-1,  B-2,  B-3,  B-8,  D-7,  D-8,  F-3,  G-9, 1-l,  P-1,  S-1,  S-3, 
S-4,  W-2.  (gulf,  bay) 
Thunnus  albacares  (Bonnaterre)  -  yellowfm  tuna 

D-7,  I-l.  (gulf) 
Thunnus  atlanticus  (Lesson)  -  blackfin  tuna 

D-7.  (gulf) 
Thunnus  thynnus  (Linnaeus)  -  bluefin  tuna 

I-l.  (gulf) 

XIPHIIDAE 
Xiphias  gladius  Linaeus  -  swordfish 

I-l.  (gulf) 

ISTIOPHORIDAE 
Istiophorus  platypterus  (Shaw  and  Nodder)  -  sailfish 

D-7,  I-l.  (gulf) 
Makaira  nigricans  Lacepede  -  blue  marlin 

D-7,  I-l.  (gulf) 
Tetrapturus  albidus  Poey  -  white  marlin 

D-7,  I-l.  (gulf) 
Tetrapturus  pfluegeri  Robins  and  deSylva  -  long  bill  spear- 
fish 

I-l.  (gulf) 

STROMATEIDAE 
Hyperoglyphe  perciformis  (Mitchill)  -  barrelfish 

I-l. 
Nomeus  gronovii  (Gmelin)  -  man-of-war  fish 

B-3,  I-l,  W-3.  (gulf) 
Peprilus  burti  Fowler  -  gulf  butterfish 

B-1,  I-l,  W-3.  Poronotus  triacanthus  -  B-1,  B-3,  B-8, 
F-3,  G-9,  P-1,  S-4.  (gulf,  bay) 
Peprilus  alepidotus  (Linnaeus)  -  harvestfish 

B-1,  B-2,  B-8,  D-8,  F-3,  H-1,  I-l,  T-1,  W-2.  Pepn/wsparw 
-  B-3,  P-1,  S-4.  (gulf,  bay) 
Psenes  cyanophrys  Valenciennes  -  freckled  driftfish 

I-l. 

SCORPAENIDAE 
Neomerinthe  hemingwayi  Fowler  -  spinycheek  scorpionfish 

E-1.  (gulf) 
Scorpaena  calcarata  Goode  and  Bean  -  smoothhead  scor- 
pionfish 
D-4,  1-1,  S-4.  (gulf) 
Scorpaena  plumieri  Bloch  -  spotted  scorpionfish 
D-4,  I-l.  (gulf) 

TRIGLIDAE 

Prionotus  alatus  Goode  and  Bean  -  spiny  searobin 

G-5,  I-l. 
Prionotus  carolinus  (Linnaeus)  -  northern  searobin 

B-8.  (gulf) 
Prionotus  ophryas  Jordan  and  Swain  -  bandtail  searobin 

D-4,  I-l.  (gulf) 
Prionotus  roseus  Jordan  and  Evermann  -  bluespotted  sea- 
robin, W-2.  (bay) 

W-2.  (bay) 
Prionotus  rubio  Jordan  -  blackfin  searobin 

B-1,  B-2,  D-8,  G-8,  I-l,  P-1,  S-4,  W-2,  (gulf,  bay) 
Prionotus  salmonicolor  Fowler  -  blackwing  searobin 

I-l.  Prionotus  pectorolis  -  G-5.  (bay) 
Prionotus  sciiulus  Jordan  and  Gilbert  -  leopard  searobin 

I-l,  S-1.  Merulinus  scitulus  -  B-3.  Prionotus  sciiulus 
latifrons  -  G-5.  (bay) 
Prionotus  stearnsi  Jordan  and  Swain  -  shortwing  searobin 

S-4.  (gulf) 
Prionotus  tribulus  Cuvier  -  bighead  searobin 

B-1,  B-2,  D-6,  D-8,  F-3,  G-9,  I-l,  P-1,  S-1,  T-1,  W-3. 
Prionotus  tribulus  crassiceps  -  G-5.  (gulf,  bay) 


DACTYLOPTERIDAE 

Dactylopterus  volitans  (Linnaeus)  -  flying  gurnard 

Marine  Lab  fish  collection.  Captured  25  miles  south 
of  Grand  Isle  on  September  9,  1958.  (gulf) 
BOTHIDAE 
Ancylopsetta  dilecta  (Goode  and  Bean)  -  three-eye  flounder 

B-2.  (bay) 
Ancylopsetta  quadrocellata  Gill  -  ocellated  flounder 

B-2,  B-3,  D-8,  I-l,  P-1,  W-2.  (bay) 
Citharichthys  macrops  Dresel  -  spotted  whiff 

D-4,  I-l.  (gulf) 
Citharichthys  spilopterus  Gunther  -  bay  whiff 

B-1,  B-2,  B-3,  D-6,  D-8,  F-3,  G-9,  G-10,  I-l,  M-1,  P-1, 
S-1,  T-1,  W-2.  (gulf,  bay) 
Cyclopsetta  chittendeni  Bean  -  Mexican  flounder 

D-4,  I-l,  S-4.  (gulf) 
Engyophrys  senta  Ginsburg  -  spiny  flounder 

I-l.  Engyophrys  sentus  -  D-4.  (gulf) 
Etropus  crossotus  Jordan  and  Gilbert  -  fringed  flounder 
B-1,  B-2,  D-6,  D-8,  F-3,  G-9,  G-10,  I-l,  P-1,  S-1,  T-1, 
W-2.  Etropus  crossotus  atlanticus  -  B-3.  (gulf,  bay) 
Paralichthys  albigutta  Jordan  and  Gilbert  -  Gulf  flounder 
F-3,  I-l,  P-1,  S-1,  T-1,  W-2.  Paralichthys  albigutus 
-  B-3.  (bay) 
Paralichthys  lethostigma  Jordan  and  Gilbert  -  southern 
flounder 
B-1,  B-2,  B-8,  D-6,  D-8,  G-7,  I-l,  P-1,  S-1,  S-3,  S-4,  T-1, 
W-2.  Paralichthys  lethostigmus  -  B-3,  G-9,  G-10. 
(gulf,  bay) 
Paralichthys  squamilentus  Jordan  and  Gilbert  -  broad 
flounder 
S-4.  (gulf) 
Syacium  gunteri  Ginsburg  -  shoal  flounder 
B-3,  D-8,  I-l,  S-4.  (gulf) 

SOLEIDAE 
Achirus  lineatus  (Linnaeus)  -  lined  sole 

B-1,  B-2,  B-3,  D-6,  D-8,  G-9,  G-10,  I-l,  P-1,  S-1,  T-1, 
W-2.  (gulf,  bay) 
Gymnachirus  texae  Gunter  -  fringed  sole 

D-4,  I-l.  (gulf) 
Trinectes  maculatus  (Bloch  and  Schneider)  -  hogchoker 
B-1,  B-2,  F-3,  I-l,  P-1,  T-1,  W-2.  Achirus  fasciatus  - 
B-3,  D-8,  G-9,  G-10,  S-3.  (gulf,  bay) 
CYNOGLOSSIDAE 
Symphurus  civitatus  Ginsburg  -  offshore  tonguefish 

G-6,  I-l.  Symphurus  civitatum  -  S-4.  (gulf) 
Symphurus  plagiusa  (Linnaeus)  -  blackcheek  tonguefish 
B-1,  B-2,  D-6,  D-8,  F-3,  G-9,  G-10,  I-l,  M-1,  P-1,  S-1, 
S-3,  T-1,  W-2.  (gulf,  bay) 

BALISTIDAE 
Aluterus  monoceros  (Linnaeus)  -  unicorn  filefish 

Marine  Lab  fish  collection.  Taken  15  miles  south  of 
Grand  Isle  in  May  1967.  (gulf) 
Aluterus  schoepfi  (Walbaum)  -  orange  filefish 

T-1,  W-2.  (bay) 
Aluterus  scriptus  (Osbeck)  -  scrawled  filefish 

I-l.  Aluterus  scripta  -  F-3.  Ceratocanthus  scripta  -  B-3. 
(gulf,  bay) 
Balistes  capriscus  Gmelin  -  gray  trigerfish 

B-3,  I-l,  S-4.  (gulf) 
Cantherhines  pullus  (Ranzani)  -  orangespotted  filefish 
Marine  Lab  fish  collection.  Collected  offshore  from 
Grand  Isle  on  July  29,  1961.  (gulf) 
Canthidermis  sufflamen  (Mitchill)  -  ocean  triggerfish 
D-2,  I-l,  S-1.  (gulf,  bay) 


Monacanthus  ciliatus  (Mitchill)  -  fringed  filefish 

Collected  by  Area  III  (La.  Dept.  Wildl.  and  Fish.)  per- 
sonnel in  Grand  Isle  vicinity. 
Monacanthus  hispidus  (Linnaeus)  -  planehead  filefish 

I-l,  S-1,  S-3,  S-4.  Monocanthus  (Stephanolepis)  hispi- 
dus -  B-3.  (gulf,  bay) 

OSTRACIIDAE 
Lactophrys,  quadricornis  (Linnaeus)  -  scrawled  cowfish 
D-4,  I-l.  Lactophrys  trigornis  -  B-3.  (gulf) 
TETRAODONTIDAE 
Lagocephalus  laevigatus  (Linnaeus)  -  smooth  puffer 
B-3,  B-8,  D-8,  G-9,  I-l,  P-1,  S-3,  S-4.  (gulf  bay) 
Sphoeroides  parvus  Shipp  and  Yerger  -  least  puffer 

B-1,  B-2,  D-6,  D-8,  I-l,  S-1,  S-2,  W-2.  Sphoeroides 
maculatus  -  B-3.  Sphoeroides  hephelus  -  B-4,  F-3, 
P-1,  T-1.  Sphoeroides  spengleri  -  S-3.  (gulf,  bay) 
DIODONTIDAE 
Chilomycterus  schoepfi  (Walbaum)  -  striped  burrfish 

B-3,  D-8,  I-l,  P-1.  Cyclichthys  (Chilomycterus)  spino- 
sus  -  B-3.  (gulf,  bay) 

MOLIDAE 
Mola  lanceolata  Lienard  -  sharptail  mola 

I-l,  L-2.  (gulf) 
Mola  mola  (Linnaeus)  -  ocean  sunfish 
G-11,  I-l.  (bay) 

PROBLEMATIC  AND 
ERRONEOUS  RECORDS 

1.  Sphyrnia  zygaena  (Linnaeus)  -  smooth  hammer- 
head 

B-3.  According  to  Hoese  and  Moore  (1977),  this 
species  has  been  recorded  but  not  verified  from  Gulf 
of  Mexico.  This  record  may  represent  S.  diplana, 
because  many  of  the  older  accounts  that  ostensibly 
refer  to  S.  zygaena  in  actuality  cover  its  companion 
species,  S.  diplana  (Bigelow  and  Schroeder  1948). 

2.  Lepisosteus  platostomus  (Rafinesque)  -  shortnose 
gar 

B-1,  W-2.  Lepisosteus  platostomus  was  not  re- 
ported from  brackish  water  by  Suttkus  (1963);  in- 
deed, this  species  almost  exclusively  inhabits  the 
main  channels  of  larger  rivers.  The  single  record 
from  Caminada  Bay  may  represent  an  aberrant, 
poorly  pigmented  L.  oculatus,  which  L.  platostomus 
closely  resembles. 

3.  Conger  sp. 

B-3.  May  represent  any  of  several  species. 

4.  Myrophis  sp. 

B-3.  Probably  refers  to  M.  punctatus,  the  only 
species  of  the  genus  known  to  occur  in  the  area. 

5.  Alosa  sapidissima  (Wilson)  -  American  shad 

F-3.  This  species  is  found  along  the  Atlantic 
Coast  from  New  Brunswick  to  Florida  and  does  not 
occur  in  the  Gulf  of  Mexico  (Hildebrand  1963b).  This 
record  is  probably  in  reference  to  A.  alabamae. 

6.  Brevoorits  smithi  (Hildebrand)  -  yellowfin 
menhaden 

I-l.  Brevoorita  smithi  ranges  westward  along 
the  northern  Gulf  of  Mexico  only  to  the  Chandelier 
Islands  (Hoese  and  Moore  1977).  Probably  refers  to 
the  closely  related  B.  gunteri,  which  does  occur  in  the 
Grand  Isle  vicinity. 


7.  Sardinella  humeralis  (Cuvier  and  Valanciennes) 

B-3.  This  species,  now  known  as  Harengula 
humeralis,  does  not  range  into  the  northern  Gulf  of 
Mexico  (Rivas  1963).  Hoese  (1958)  suggested  that 
records  of  the  above  species  in  this  area  probably 
rekr  to  Harengula pensacolae;  however  Behre  (1950) 
recorded  both  species  from  Grand  Isle. 

8.  Ictalurus  catus  (Linnaeus)  -  white  catfish 

W-2.  Ictlurus  catus  does  not  occur  in  Louisiana 
(Douglas  1974).  This  record  could  represent  either/. 
puntatus  or  I.  furcatus,  both  of  which  are  known  from 
brackish  water. 

9.  Ogcocephalus  vespertilio  (Linnaeus)  -  longnose 
batfish 

B-3.  This  species,  reported  as  common  offshore, 
probably  referred  to  O.  sp.  nov.,  the  most  common 
middle  shelf  batfish  (Hoese  and  Moore  1977).  The 
common  inshore  batfish,  Ogcocephalus  radiatus,  was 
also  recorded  from  Grand  Isle  by  Behre  (1950). 

10.  Ogilbia  sp. 

T-1.  this  reference  is  probably  based  on  Gunter- 
ichthys  longipenis  because  some  Ogilbia  sp.  records 
refer  to  the  above  species  (Hoese  and  Moore  1977) 
and  because  Wagner  (1973),  using  the  same  data 
included  in  Thomas  et  al.  (1971),  later  listed  G.  lon- 
gipenis from  Caminada  Bay. 

11.  Rissola  marginatum  (DeKay) 

B-3.  Hoese  and  Moore  (1977)  and  Walls  (1975) 
reported  that  Ophidian  (Rissola)  marginatum  has 
been  reported,  but  not  verified,  from  the  northern 
Gulf  of  Mexico.  May  refer  to  any  of  several  cusk-eels. 

12.  Cypselurus  sp. 

I-l.  May  represent  any  of  several  species  of 
flying  fish. 

13.  Hemiramphus  sp. 

B-3.  May  refer  to  Hemiramphus  brasiliensis, 
known  from  the  northern  Gulf  of  Mexico  but  not 
reported  from  the  Grand  Isle  area. 

14.  Hyporhamphus  hildebrandi 
S-3. 

15.  Hyporhamphus  roberti  (Cuvier  and  Valen- 
ciennes) 

B-3.  Both  of  the  above  records  may  refer  to 
Hyporhamphus  unifasciatus,  which  is  common  in 
Grand  Isle  area  and  the  only  Hyporhamphus  verified 
from  the  northern  Gulf  of  Mexico  (Hoese  and  Moore 
1977;  Walls  1975). 

16.  Unidentified  flying  fish 

S-1.  Could  refer  to  any  of  several  species. 

17.  Fundulus  diaphanus  (Lesueur)  -  banded  killifish 
F-3.   This  typical  freshwater  fish  tolerates 

brackish  water  but  occurs  no  further  south  than  Iowa 
and  Pennsylvania  (Miller  1955).  These  records  may 
apply  to  F.  pulverus,  the  only  common  cyprinodont 
absent  from  the  species  list  of  Fox  and  Mock  (1968). 

18.  Fundulus  heteroclitus  (Linnaues)  -  mummichog 
B-3. 

19.  Fundulas  majalis  (Walbaum)  -  striped  killfish 


B-3.  Neither  of  the  above  two  species  occurs  in 
the  Gulf  of  Mexico  (Miller  1955).  Fundulus  grandis 
and  F.  pulverus  were  probably  the  species  on  which 
the  misidentifications  were  based. 

20.  Menidia  menidia  (Linnaues)  -  Atlantic  silver- 
side 

B-3 .  This  record  may  be  based  on  Mem  bras  mar- 
tinica  since  Behre  (1950)  also  listed  M.  peninsulae 
(an  old  synonym  of  M.  beryllina)  from  Grand  Isle. 

21.  Hippocampus  sp. 

D-8.  This  probably  refers  to  either  H.  erectus  or 
H.  zosterae,  the  only  species  of  the  genus  known  from 
Grand  Isle. 

22.  Centropristes  ocyurus  (Jordan  and  Evermann) 
B-3.  Behre  (1950)  stated  that  this  species  was 

common  and  was  erroneously  identified  as  Centrop- 
ristes Philadelphia  us.  The  above  records  probably  do 
represent  C.  philadelphicus  because  C.  ocyurus  is 
otherwise  unknown  from  the  area  and  C.  phi- 
ladelphicus is  the  only  common  Centropristes  in  in- 
shore waters  of  Grand  Isle. 

23.  Roccus  americana  (Gmelin)  -  white  perch 

F-3.  This  marine  form  does  not  occur  in  the  Gulf 
of  Mexico  (Perlmutter  1961).  Thus,  the  above  citation 
could  actually  refer  to  either  Morone  saxatalis  or  M. 
mississippiensis,  both  of  which  occur  in  brackish 
water. 

24.  Phytheirichthys  lineatus  (Menzies)  -  slender 
suckerfish 

B-3.  Behre  ( 1950)  stated  that  "it  is  possible  that 
the  identification  of  this  species  was  confused  with 
Echeneis  naucrates." 

25.  Seriola  sp.  -  amberjack 

B-3.  Two  species  of  amberjack  have  been  veri- 
fied from  the  Grand  Isle  area,  S.  dumerili  and  S. 
rivoliana. 

26.  Trachinotus  glaucus  (Block) 
B-3. 

27.  Trachinotus  goodei  (Jordan  and  Evermann) 
B-3.  Older  literature  records  of  T.  glaucus  are 

based  on  T. ^ooc^e/  ( Hoese  and  Moore  1977).  However, 
since  Behre  (1950)  included  both  species  in  his  check- 
list, it  is  impossible  to  determine  which  record  is 
actually  refering  to  T.  goodei.  The  other  Trachinotus 
would  probably  refer  to  T.  caroUnus. 

28.  Bramidae  sp. 

I-l.  Several  species  of  the  genera  Teractes,  Col- 
lybus,  and  Brama  may  occur  on  the  shelf  (Mead 
1957);  therefore,  this  record  could  represent  a  species 
in  one  of  the  above  genera. 

29.  Eucinostomus  pseudogula 

B-3.  This  species  was  not  recorded  from  the 
northern  Gulf  of  Mexico  by  Hoese  and  Moore  (1977) 
or  Walls  ( 1975).  This  record  and  the  one  listed  below 
was  apparently  based  on  either  (or  a  composite  of) 
Eucinostumus  argenatus  or  E.  gula. 

30.  Eucinostomus  sp. 
B-2,  P-1. 


31.  Calamus    sp. 

D-7.  This  is  the  only  record  ofCalamus  from  the 
Grand  Isle  area.  Several  species  have  been  reported 
from  the  coast  of  Louisiana  by  Walls  (1975)  and 
Hoese  and  Moore  (1977). 

32.  Cynoscion  regalis  (Block  and  Schneider)  -  weak- 
fish 

B-8.  Since  Cynoscion  regalis  does  not  occur  in 
the  Gulf  of  Mexico  except  in  extreme  southwestern 
Florida  (Weinstein  and  Yerger  1976),  this  record 
probably  refers  to  either  C.  arenarius  or  C.  nothus. 

33.  Menticirrhus  sp. 

D-7.  Based  on  one  of  the  following  three  species 
known  to  occur  in  the  area:   Menticirrhus   amer- 
icanus;  M.  littoralis;  or  M.  saxatalis. 

34.  Tautoga  onitis  (Linnaeus)  -  tautog 

B-3.  This  species  has  not  been  recorded  in  the 
Gulf  of  Mexico  (Hoese  and  Moore  1977).  No  labrids 
have  been  verified  from  Grand  Isle,  but  representa- 
tives probably  are  found  on  offshore  oil  platforms  or 
reefs. 

35.  Hypsoblennius  sp. 

S-1.  Probably  based  on  either  Hypsoblennius 
geminatus  or  H.  ionthus. 

36.  Ctenogobius  stigmaticus  (Poey) 

B-3.  the  species  referred  to  by  this  name  is  un- 
clear. 

37.  Goby  sp. 

B-2.  Could  refer  to  any  of  many  species  known 
from  the  area. 

38.  Merulinus  scitulus  (Jordon  and  Gilbert) 

B-3.  Specimens  were  first  identified  as  Prionotus 
tribulus  by  Behre  (1950),  who  admitted  that  "sea 
robins  in  our  collections  present  some  taxonomic  dif- 
ficulties". Behre  probably  had  a  composite  of  several 
species  of  searobins  in  his  collection. 

39.  Prionotus  sp. 

S-3.  Could  represent  any  of  several  searobins 
known  from  Grand  Isle  area  (see  checklist). 

40.  Microdesmus  affinis  (Meek  and  Hilderbrand) 
B-3.  The  above  species  is  tropical  and  does  not 

occur  in  the  northern  Gulf  of  Mexico  (Hoese  and 
Moore  1977;  Walls  1975).  This  record  was  probably 
based  on  Microdesmus  longipinnis,  the  inshore  form 
found  in  habitats  described  by  Behre  (1950). 

41.  Etropus  microstomus  (Gill) 

The  above  record  is  an  apparent  misidentifica- 
tion,  because  the  species  is  not  known  to  exist  west  of 
the  Mississippi  River  Delta  (Hoese  and  Moore  1977). 
The  correct  identification  is  unknown. 

42.  Flounder  sp. 

B-2.  This  record  could  refer  to  one  of  many  spe- 
cies. 

43.  Canthidermis  sabaco  Poey 

B-3.  The  correct  species  name  for  this  citation  is 
unknown. 
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DISCUSSION 

A  total  of  287  species  of  fishes  representing  83 
families  have  been  verified  from  the  Grand  Isle  area. 
The  families  with  the  most  species  included  Carangi- 
dae  with  20,  Serranidae  with  16,  and  Sciaenidae  with 
14.  Four  other  families  (Carcharhinidae,  Clupeidae, 
Gobidae  and  Bothidae)  were  represented  by  at  least 
10  species  each.  The  following  families  contained  5  to 
9  species:  Dasyatidae,  Ophichthidae,  Ophiidae,  Ex- 
ocoetidae,  Cyprinodontidae,  Syngnathidae,  Luthani- 
dae,  Scombridae,  Stromateidae,  Triglidae,  and  Balis- 
tidae. 

Although  a  large  number  of  fishes  have  been  veri- 
fied from  Grand  Isle,  this  checklist  cannot  be  consi- 
dered complete.  The  checklist  is  thorough  only  when 
considering  the  marine  fishes  of  the  Barataria/Cami- 
nada  Bay  complexes  and,  to  a  lesser  extent,  the  shal- 
low inshore  Gulf  waters.  The  only  new  marine  spe- 
cies likely  to  be  collected  in  these  two  areas  are  tran- 
sients from  farther  offshore  in  the  Gulf  of  Mexico. 
However,  many  additions  to  the  Grand  Isle  fauna 
will  probably  be  made  from  the  Gulf  of  Mexico 
offshore  from  Grand  Isle  —  in  particular,  smaller 
benthic  species  associated  with  oil  platforms  or  natu- 
ral reefs  and  wide-ranging  forms  such  as  sharks, 
skates,  rays,  and  pelagic  species.  Dawson  (1966) 
pointed  out  that  even  towards  the  end  of  a  rather 
comprehensive  long-term  study  offshore  from  Grand 
Isle,  additions  were  frequently  being  made  to  the  list 
of  fishes.  Dawson  further  alluded  to  the  difficulty  of 
compiling  complete  lists  of  the  marine  fauna  for  a 
given  area.  Thus,  even  though  the  fish  fauna  of 
Grand  Isle  has  probably  been  studied  longer  than  the 
fish  fauna  from  any  other  site  in  the  northern  Gulf  of 
Mexico,  further  additions  are  to  be  expected.  New 
additions  to  the  local  fish  fauna  should  be  recorded 
for  future  publication. 

An  offshore-inshore-inside  gradient  exists  in  spe- 
cies composition  and  abundance  of  fishes.  The  abs- 
ence, however,  of  quantitative  data  from  offshore 
areas,  constraints  imposed  in  the  primary  objectives 
of  this  manuscript,  and  the  absence  of  specific  local- 
ity data  other  than  "the  Grand  Isle  area"  for  many 
species  preclude  a  detailed  analysis  of  this  gradient. 
The  general  category  of  gulf  or  bay  was  applied  to 
those  species  with  specific  collection  data,  however, 
to  provide  a  broad  overview  of  the  Gulf  versus  bay 
fauna.  Ninety-four  species  were  collected  only  from 
the  Gulf;  71  species  only  from  the  bay;  and  84  species 
were  common  to  both  areas.  A  total  of  178  species 
were  verified  from  the  Gulf;  155  species  were  con- 
firmed from  bay  waters.  However,  the  difference  in 
number  of  species  in  each  area  is  greater  than  de- 
picted above.  First,  33  species  recorded  from  bay  wa- 
ters are  transients  from  offshore  Gulf  waters  but  for 
which  reliable  records  are  lacking  in  the  Gulf. 
Second,  of  the  32  species  deficient  in  exact  locality 
data,  30  are  almost  exclusively  offshore  Gulf  forms. 
Thus,  an  additional  60  plus  species  could  be  consi- 


dered to  be  part  of  the  offshore  fish  fauna  of  Grand 
Isle. 

It  is  beyond  the  scope  of  this  report  to  comment  on 
the  abundance,  seasonal  distribution,  and  habitats  of 
each  species.  The  reader  might  wish  to  refer  to  some 
of  the  local  survey  studies  (i.e.,  Barrett  et  al.  1978, 
Forman  1968,  Fox  and  Mock  1968,  Gunter  1936,  Mil- 
ler and  Guillory  1980,  Perret  et  al.  1971,  Sabins 
and  Truesdale  1974,  Wagner  1973)  for  such  data  on 
the  estuarine  and  inshore  fish  fauna.  Unfortunately, 
little  published  quantitative  data  exist  on  the 
offshore  fauna.  Hoese  and  Moore  (1977)  and  Walls 
(1975)  should  be  consulted  for  a  general  overview  of 
the  marine  fish  fauna  of  Louisiana. 
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Rearing  Striped  Bass  for  Release  Into 

the  Barataria  Bay  Estuary,  Southeast  Louisiana 

Stephen  Hein  and  Joseph  Shepard 

ABSTRACT 

Striped  bass,  Morone  saxatilis,  were  reared  and  stocked  into  Barataria  Bay,  an  estuarine 
system  located  along  the  southeast  coast  of  Louisiana.  Over  a  five-year  period,  1975  -  1979, 
160,000  fingerling  bass  were  introduced  into  the  system.  Commercial  fishermen  reported 
capturing  stripers,  but  only  one  was  verified  by  biologists.  It  is  uncertain  whether  the  fish 
captured  came  from  this  stocking  attempt.  Various  rearing  techniques  were  evaluated.  In  all 
cases,  minimal  handling  proved  beneficial.  Salinity  of  10-25  ppt  was  used  to  conduct  toler- 
ance tests  on  sacfry  bass.  No  significant  loss  offish  was  encountered  at  the  ^  =  0.05  level. 


INTRODUCTION 

The  striped  bass  [Morone  saxatilis)  has  received  a 
great  deal  of  attention  in  recent  years  primarily  be- 
cause of  its  recognition  by  sportsmen  as  a  superb 
game  and  table  fish. 

Originally  classified  as  a  member  of  the  sea  bass 
family  Serranidae,  its  preference  for  temperate  wa- 
ter later  dictated  its  placement  in  the  temperate  bass 
family  Percichthyidae  of  the  Order  Perciformes. 
Although  it  was  first  designated  as  Roccus  lineatus, 
the  name  was  later  changed  to  Roccus  saxatilis  to 
distinguish  it  from  a  Mediterranean  species.  The 
generic  name  was  again  changed  in  1966,  to  Morone, 
following  the  discovery  that  this  was  the  taxonomic 
name  previously  given  by  an  unknown  taxonomist. 
The  scientific  name  at  present  remains  Morone  sax- 
atilis, however,  common  names  vary,  with  "rock"  or 
"rockfish"  most  used.  It  is  also  referred  to  as  linesid- 
er,  greenhead,  and  squid  hound. 

The  Atlantic  Coast  distribution  for  this  species 
ranges  south  from  the  St.  Lawrence  River,  Canada, 
to  Florida,  with  a  greater  abundance  in  the  mid- 
Atlantic  states.  The  species  is  most  common  between 
Cape  May  and  Cape  Cod  (Jordan  and  Evermann, 
1923).  First  introduced  into  California  waters  on  the 
Pacific  Coast  in  1879,  it  has  extended  its  range  south 
of  the  Mexican  border  and  north  to  Washington  state 
(Talbot  1966).  Along  the  Gulf  Coast,  this  species  is 
not  considered  abundant  and  supports  a  very  small 
fishery.  Mcllwain  (1967)  listed  it  in  all  of  the  major 
river  systems  along  the  Mississippi  Coast,  with  indi- 
viduals from  7  to  28  pounds  from  the  lower  West 
Pascagoula  River,  the  only  river  which  supports  a 
small  sport  fishery.  Many  of  the  landings  from  the 
other  river  systems  are  incidental  while  fishing  for 
other  species.  Mcllwain  (1967)  further  stated  that 
the  species  ranged  into  Lake  Pontchartrain, 
Louisiana. 

Since  the  discovery  of  a  self-sustaining  population 
of  striped  bass  in  the  Santee-Cooper  Reservoir,  South 
Carolina,  during  the  1950's,  interest  in  stocking 
freshwater  reservoirs  began  to  grow.  Striped  bass 
have  been  used  as  a  predator  species  for  biological 


control  of  the  gizzard  shad,  Dorosoma  cepedianum 
(Le  Sueur),  and  other  forage  species  in  large  reser- 
voirs and  lakes,  and  as  a  byproduct  produced  an  ex- 
cellent sportfish  as  well.  Stevens'  ( 1966)  success  with 
hormone-induced  spawning  of  brood  stock  and  pro- 
curement of  large  numbers  of  eggs  and  fry  led  to  the 
development,  by  many  workers,  of  better  techniques 
to  hold  eggs  and  fry  under  hatchery  conditions.  This 
produced  large  numbers  of  available  fry  for  further 
studies  and  introduction  programs. 

In  May  1965,  Louisiana  Department  of  Wildlife 
and  Fisheries  personnel  began  stocking  Lake  D'Ar- 
bonne  and  Toledo  Bend  Reservoir  with  striped  bass 
fingerlings  from  South  Carolina.  Freshwater  pond 
studies  were  also  begun  at  the  Monroe  Fish  Hatchery 
(14th  Biennial  Report,  Louisiana  Wildlife  and 
Fisheries  Commission,  1970-71).  In  1967,  two  major 
river  systems,  Tchefuncte  and  Sabine,  were  also 
stocked.  The  Louisiana  Department  of  Wildlife  and 
Fisheries,  Fish  Division,  has  since  been  successfully 
spawning  adult  fish  from  Lake  D'Arbonne  and,  more 
recently,  from  Toledo  Bend,  where  a  permanent 
hatchery  facility  was  completed  in  1979. 

Since  1972,  striped  bass  have  been  cultured  in 
brackish  water  ponds  in  coastal  southwest  Louisiana 
in  an  attempt  to  re-establish  an  anadromous  popula- 
tion of  striped  bass  in  the  species'  historical  range 
(Perry  et  al.  1977).  In  a  preliminary  pond-rearing 
study  at  the  Department's  Marine  Laboratory  on 
Grand  Terre  Island  in  southeast  Louisiana  (Striped 
Bass  Rearing  Studies,  1975  Completion  Report), 
large  mortalities  were  experienced  because  of  the 
holding  system,  which  prohibited  stocking  into  the 
estuary.  Surviving  fish  were  stocked  into  an  adjacent 
5-acre  pond  to  be  held  as  future  brood  stock.  A  small 
hatchery  was  constructed  with  the  capability  of  hold- 
ing fry  prior  to  stocking  into  1/4-acre  brackish  water 
ponds  for  later  release  into  the  estuary.  The  bay  acts 
as  a  drainage  system  for  a  vast  expanse  of  marsh  with 
a  continuous  avenue  of  waterways  connecting  fresh- 
water areas  with  the  marine  environment.  It  is  be- 
lieved that  this  area  would  afford  the  fish  freedom  of 
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movement  to  preferred  areas  and  allow  for  natural 
movements  necessary  for  the  completion  of  their  life 
cycle. 
The  primary  objectives  of  the  project  were: 
1 )  To  rear  striped  bass  to  a  size  suitable  for  release 
into  an  estuarine  complex. 

2.  To  determine  survival  and  growth  of  striped 
bass  in  brackish  water. 

3.  To  establish  an  anadromous  striped  bass 
population  in  the  Barataria  Bay  estuary  com- 
plex. 


AREA  DESCRIPTION 

The  study  area  (Figure  1 )  is  bounded  by  the  Gulf  of 
Mexico  on  the  south  and  lies  within  an  area  bordered 
by  Bayou  Lafourche  on  the  east  and  the  Mississippi 
River  on  the  west.  Major  salt  and  brackish  water 
bodies  within  the  system  are  Little  Lake  and  Bara- 
taria and  Caminada  Bays,  with  a  combined  water 
surface  area  of  70,597  acres  and  a  combined  water 
volume  of  276,554  acre  feet  (Perret  et  al.  1971 ).  These 
figures  do  not  include  the  three  major  freshwater 
bodies  within  this  study  area:  Lac  Des  Allemands, 
Lake  Cataouatche,  and  Lake  Salvador,  which  are 
located  further  north  within  the  drainage  system. 

Salinity  is  primarily  affected  by  rainfall,  water 
runoff  from  the  north,  and  Mississippi  River  dis- 
charge from  the  east.  Water  from  the  Gulf  enters  the 
southern  portion  of  the  area  through  four  major  pas- 
ses: Quatre  Bayou  Pass,  Pass  Abel,  Barataria  Pass, 
and  Caminada  Pass  (Figure  1).  Winds  and  tides  also 
affect  salinity  within  the  system.  During  the  five- 
year  study  period,  salinities  ranged  from  7.9  to  24.0 
parts  per  thousand  (ppt)  (Table  1). 

Water  temperatures  throughout  a  12-year  period 
(1958-1969)  ranged  between  0°  Centigrade  (C)  and 
36°C,  with  warmer  winter  water  temperatures  in 
southern  Barataria  Bay  but  higher  spring  water 
temperatures  in  more  northern  portions  of  the  bay. 
Apparently  there  is  little  variation  between  top  and 
bottom  temperatures  because  of  the  shallow  depth  of 
the  bay  and  the  mixing  of  waters  by  winds  and  cur- 
rents (Barret  1971).  During  this  study,  temperatures 
ranged  from  24.7°C  to  29.3°C;  monthly  average 
temperatures  are  listed  in  Table  2. 

Chabreck  (1972)  described  the  area  as  an  inactive 
delta  zone;  Chabreck  et  al.  (1968)  described  each  of 
the  four  major  marsh  zone  types  found  within  the 
area  as  saline,  intermediate,  brackish,  and  fresh 
marshes.  Principal  vegetation  in  each  of  these  marsh 
types  is  listed  in  Table  3. 

Bottom  sediments  of  Barataria  Bay  and  surround- 
ing areas  are  designated  as  "clayey  silt,"  with  the 
Gulf  side  of  Barataria  and  Caminada  bays  primarily 
"silty  sand  and  sandy  silt"  (Barret  1971). 

Although  normal  diurnal  tides  along  the 
Louisiana  coast  are  influenced  by  several  factors, 
they  are  most  altered  by  high  winds  and  storms. 


MATERIAL  AND  METHODS 

The  sampling  phase  of  this  project  for  juvenile  and 
sub-adult  striped  bass  within  the  bay  was  carried  out 
using  the  following  gear  types:  (1)  6-ft.  otter  trawl 
with  %-in.  stretch  mesh  in  the  wings  and  ys-in.  mesh 
in  the  tail;  (2)  16-ft.  otter  trawl,  with  IVi-in.  stretch 
mesh  in  the  wings  and  %-in.  mesh  in  the  tail;  (3)  a 
100-ft.  X  6-ft.  X  Vi-in.  bar  mesh  seine;  (4)  a  600-ft.  x 
8-ft.  X  Va-in.  bar  mesh  seine. 

Each  trawl  was  towed  a  total  of  10  minutes  at  one 
of  the  four  permanently  established  stations  in  con- 
junction with  the  brown  shrimp  (Penaeus  aztecus) 
sampling  program.  The  two  6-ft.  trawl  stations  were 
Airplane  Lake  and  Creole  Bay,  with  the  16-ft.  trawl 
stations  located  at  Independence  Island  and  St. 
Mary's  Point  (Figure  1). 

Each  end  of  the  lOO-ft.  seine  had  a  %-in.  diameter 
spreader  pole  with  a  4-ft.  nylon  bridle  to  which  a 
lOO-ft.  X  %-in.  diameter  nylon  lead  line  was  attached. 
The  net  was  placed  on  the  bow  of  a  13-ft.  outboard 
boat.  When  the  sample  location  was  reached,  the  bow 
end  of  the  boat  was  driven  toward  the  shoreline 
where  one  end  of  the  rope  and  one  person  were  de- 
ployed. The  boat  was  then  backed  out  perpendicular 
to  the  shoreline,  and  when  the  bridle  was  reached, 
the  net  was  allowed  to  peel  off  the  bow  as  the  boat  was 
turned  parallel  to  shore.  As  the  next  bridle  was 
reached,  the  boat  was  again  turned  perpendicular  to 
the  shore  as  the  100-ft.  lead  line  was  released.  Each  of 
the  two  lines  were  pulled  in  at  the  same  time.  The 
ends  of  the  net  were  worked  to  a  central  point  and  all 
specimens  were  collected. 

The  600-ft.  seine  was  set  by  rowboat,  with  the  net 
stacked  and  released  from  the  stern.  At  each  sam- 
pling location,  the  boat  was  rowed  to  shore  where  one 
or  two  people  would  get  out,  holding  one  end  of  the 
net.  The  boat  was  then  rowed  approximately  40  ft. 
perpendicular  to  shore,  turned  parallel  to  the 
shoreline  for  approximately  520  ft.  and  then  backed 
to  the  shoreline.  Sampling  locations  were  occasional- 
ly changed  in  the  hope  of  finding  bass  in  different 
areas. 

Additional  samples  were  taken  using  6-  and  16-ft. 
trawls.  Trammel,  gill,  and  hoop  net  sets,  plus  numer- 
ous 20-,  50-,  100-,  600-,  and  800-ft.  seine  sets  were 
made  throughout  the  period  in  conjunction  with 
other  ongoing  projects  at  the  Marine  Laboratory.  All 
samples  were  checked  for  the  presence  of  striped 
bass.  Results  of  these  samples  are  not  given  in  this 
paper  since  they  contained  no  bass  and  the  large 
numbers  of  species  collected  are  too  voluminous  to 
list  in  this  report. 

CULTURE  PROCEDURE  1975 

For  the  first  rearing  attempt,  striped  bass  fry  were 
obtained  from  the  Fish  Division's  Monroe  Fish 
Hatchery.  Brood  stock  were  captured  from  Lake 
D'Arbonne  and  induced  to  spawn  by  injecting  the  fish 
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Figure  1.  Rearing  Striped  Bass  for  release  into  the  Barataria  Bay  Estuary,  Southeast  Louisiana. 


A  -   PUMP 
B  -   FILTER 
C  -    UV  FIITER 
D  -  GRAVEL   BED 
E    -  160  LITER  TANK 
F    -  580  LITER  TANK 


Figures  2a  and  2b.  Hatchery  Tank  System. 


with  International  Units  (I.U.)  of  Human  Chorionic 
Gonadotropin  (HCG).  Fertilized  eggs  were  placed  in 
McDonald  hatchery  jars  and  aerated  tanks  until  they 
hatched.  These  procedures  are  outlined  in  detail  by 
Williams  (1976)  in  Guidelines  for  Striped  Bass  Cul- 
ture. 

Fry  were  flown  to  the  Lacombe  Fish  Hatchery  for 
rearing  in  125-gallon  circular  tanks  prior  to  pond 
stocking  at  the  Marine  Lab  facility.  Because  of  an 
unexpected  demand  for  water  at  the  hatchery,  well 
head  pressure  fell,  requiring  additional  water  for  the 
flow-through  system.  Unknown  to  project  personnel, 
the  only  available  pump  had  been  previously  used  to 
pump  rotenone,  and  all  fish  were  killed. 

In  a  second  rearing  attempt,  700,000  fry  were 
obtained  from  South  Carolina  through  the  Freshwa- 
ter Fisheries  Division  and  transported  to  Rockefeller 
Wildlife  Refuge  in  Cameron  Parish,  Louisiana.  They 
were  held  in  tanks  at  the  Refuge  until  fry  absorbed 
the  yolk  sac  and  began  to  accept  food,  at  which  time 
they  were  transported  to  the  Laboratory  for  pond 
stocking  in  plastic  bags.  Each  plastic  bag,  containing 
water  (1/3)  and  oxygen  (2/3),  was  transported  in  insu- 
lated shipping  boxes. 

Twelve  V4-acre  ponds,  as  described  by  Broom 
(1968),  were  fertilized  with  Purina  Horse  Chow  at  a 
rate  of  400  lbs.  per  acre.  This  procedure  enhanced 
planktonic  blooms  within  the  ponds  for  use  as  a  food 
source.  Following  a  period  of  acclimation,  606,000  fry 
were  stocked  into  the  ponds  at  rates  of  37,000  to 
58,000  per  pond  (Table  4 ).  Ponds  were  monitored  on  a 
weekly  basis  for  salinity,  temperature,  and  dissolved 
oxygen. 

Pond  harvest  began  at  dusk  when  water  tempera- 
tures began  to  decline  and  the  lower  light  levels 
prevented  net  detection  by  the  fish.  Pond  water  levels 
were  dropped  to  approximately  one-half  of  their  nor- 
mal capacity  to  allow  for  easier  seining  conditions. 
Each  pond  was  seined  a  minimum  of  two  times  with  a 
100-ft.  x  6-ft.  x  Vi-in.  nylon  seine.  Fingerlings  were 
taken  from  the  pond's  edge  in  60  gallon  polyethylene 
tanks  containing  pond  water  and  pure  oxygen.  From 
the  tanks,  the  fish  were  counted  and  placed  into  125- 
gallon  holding  tanks  on  the  M/V  REDFISH.  Aeration 
was  provided  by  120  volt  electric  agitators. 

CULTURE  PROCEDURE  1976 

Two  shipments  of  fry  were  received  at  the  Marine 
Laboratory  for  rearing  and  future  release  into  the 
Barataria  Bay  system.  The  first  shipment  arrived 
April  21,  1976,  from  Toledo  Bend  Reservoir  and  con- 
tained 900,000  fry.  The  second  shipment  arrived  May 
8,  1976,  from  Lynchburg,  Virginia,  and  contained 
900,000  fry. 

The  fish  were  held  in  three  20-gallon  aquaria,  one 
125-gallon  circular  tank,  and  one  40-gallon  conical 
tank  with  under-gravel  filtration  and  compressed 
air.  Saline  water  was  added  to  the  tanks  at  such  a 
rate  as  to  increase  the  daily  salinity  by  3  ppt.  This 


process  continued  until  salinity  in  the  tanks  corres- 
ponded to  that  of  the  ponds. 

After  fry  had  developed  mouth  parts,  Artemia  nau- 
plii,  which  were  hatched  earlier  in  anticipation  of 
feeding,  were  introduced  into  the  system.  When  visi- 
ble feeding  activity  had  occurred,  density  estimates 
were  taken  from  each  tank  to  obtain  a  stocking  rate. 
Fry  were  then  liberated  into  four  V4-acre  ponds 
(Table  4)  which  had  been  previously  fertilized  with 
Purina  Horse  Chow  at  a  rate  of  400  pounds  per  acre 
and  pumped  with  saline  water.  Stocking  occurred 
during  the  hours  before  dawn  to  minimize  predation, 
avoid  direct  sunlight,  and  reduce  temperature  stress. 

Because  of  the  low  number  of  fry  received,  the 
problems  encountered,  and  the  total  number  of  fish 
produced,  a  second  stocking  was  necessary.  Holding 
procedures  followed  those  previously  outlined. 

All  fish  were  harvested  with  a  V4-in.  mesh  seine, 
lOO-ft.  x  6-ft.  Ponds  were  drawn  down  and  seined  at 
night  to  reduce  the  effect  of  temperature  and  detec- 
tion of  the  net.  After  harvest,  they  were  transported 
in  two  125-gallon  circular  tanks  containing  salt  wa- 
ter and  compressed  air  to  the  release  site  (Figure  1). 

CULTURE  PROCEDURE  1977 

This  year  approximately  575,000  two-day  old  fry 
were  obtained  from  the  Toledo  Bend  Reservoir.  Fry 
were  divided  into  10  doubled  plastic  bags  containing 
9.5  liters  of  water  pumped  with  oxygen  and  clamped 
closed.  Bags  were  then  placed  in  styrofoam  shipping 
boxes  for  the  8.5  hour  automobile  trip  to  the  Marine 
Laboratory.  Upon  arrival,  fry  were  acclimated  from  1 
ppt  salinity  and  22.2°C  in  the  shipping  bags  to  2  ppt 
and  22.7°C  in  the  hatchery's  tank  system  (Figure  2a 
and  b).  Shipping  mortality  appeared  minimal,  with 
an  estimated  375,000  fry  acclimated  in  a  581-1  circu- 
lar tank  and  the  remaining  200,000  fry  acclimated  in 
a  160-1  conical  tank.  The  20-gallon  aquaria  were  not 
used  because  of  the  larger  capacity  and  ease  in  work- 
ing with  the  larger  tanks. 

The  Laboratory's  rain  water  reservoir  was  used  to 
obtain  fresh  water  throughout  the  holding  period  in 
the  hatchery.  To  remove  impurities,  the  water  passed 
through  two  de-ionizer  cartridges  prior  to  introduc- 
tion into  the  tank  system.  A  series  of  three  in-line 
filters  of  decreasing  mesh  size  was  used  to  remove 
coarser  particles  in  the  saltwater  system.  The  water 
was  trickled  in  at  a  rate  required  to  raise  salinities  2 
to  3  ppt  per  day.  The  water  was  re-circulated  within 
the  system  after  passing  through  the  gravel  filter 
bed,  a  fine  mesh  filter,  and  an  ultraviolet  light. 

Water  temperature  was  gradually  increased  to 
23.3°C,  approximating  that  of  pond  temperatures. 
The  temperature  was  manipulated  by  regulating  air 
temperature  with  two  16,000  BTU  air  exchangers. 
Salinity  was  gradually  increased  to  15  ppt,  the  same 
as  that  of  the  ponds. 

Twelve  V4-acre  ponds  were  prepared  five  days  prior 
to  stocking.  The  basins  were  then  rotenoned,  pumped 
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dry,  and  flushed  a  minimum  of  three  times.  A  com- 
mercial horse  chow  was  used  to  fertilize  the  ponds  at 
a  rate  of  320  pounds  per  acre.  Water  was  introduced 
into  the  ponds  two  to  three  days  prior  to  introduction 
of  fish.  In  several  ponds,  plankton  blooms  did  not 
occur,  so  cattle  manure  was  added  at  a  rate  of  100  to 
150  pounds  per  acre  to  facilitate  blooms.  The  day 
prior  to  stocking,  each  pond  was  coated  on  the  wind- 
ward side  with  a  light  slick  of  four  gallons  of  diesel 
and  one  gallon  of  gasoline  to  control  the  predaceous 
insect  population. 

Fry  began  accepting  food  on  April  19  at  four  and 
one-half  days  old.  By  April  21,  most  of  the  fry  were 
feeding,  as  evidenced  by  the  appearance  of  the 
orange-looking  Artemia  nauplii  in  the  transparent 
gut  of  the  fish.  At  this  point  it  became  increasingly 
difficult  to  hold  fish  in  the  system  because  of  the 
reduced  water  quality  caused  by  increases  in  metabo- 
lic wastes  from  feeding  activity  and  poor  hatching 
success  of  later  batches  of  Artemia.  On  April  22  at 
12:45  A.M.,  tank  harvest  was  begun.  To  concentrate 
fry,  water  was  siphoned  from  the  tanks  using  a  cone- 
shaped  funnel  surrounded  by  a  243  micron  mesh 
monofilament  screen.  Compressed  air  was  added  to 
the  tank  to  ensure  adequate  aeration.  Fry  and  water 
were  then  siphoned  into  a  20-gallon  aquarium  with  a 
central  overflow  pipe  encompassed  by  a  cylindrical 
fine-mesh  nitex  screen  to  prevent  the  fry  from  escap- 
ing. The  actual  volume  of  water  containing  fry  was 
then  calculated.  The  aquarium  was  then  sampled  for 
numbers  by  using  an  average  of  three  sets  of  10 
random  10-ml  samples  taken  with  a  glass  tube  from 
the  surface  to  the  bottom  of  the  tank.  Contents  of  the 
aquarium  were  then  siphoned  into  plastic  shipping 
bags,  sealed,  and  brought  to  the  ponds  where  they 
were  slowly  acclimated  to  pond  conditions.  The  pro- 
cess was  repeated  until  all  ponds  had  been  stocked. 
Stocking  rates  varied  from  approximately  10,000  to 
40,000  per  1/4-acre  pond  (Table  4). 

Prior  to  harvesting  on  June  1,  each  pond  was  sam- 
pled with  the  6-ft  otter  trawl  to  determine  general 
pond  conditions  and  density  offish  (Table  5).  Num- 
bers captured  were  not  indicative  of  pond  popula- 
tions, as  a  low  correlation  was  noted.  However, 
general  pond  conditions  were  indicated,  and  resul- 
tant drawdowns  were  as  anticipated. 

Harvesting  was  accomplished  with  an  alternate 
method  to  that  used  in  previous  years.  Ponds  were 
drawn  down  to  the  12-ft  x  6-ft  x  18-in.  catch  basins  at 
low  tide  in  anticipation  that  fingerlings  would 
actively  swim  through  the  four-inch  diameter  drain 
pipe  when  water  in  the  basins  equalized  with  that  of 
the  adjacent  drainage  canal  where  fish  were  to  be 
stocked.  While  fish  were  observed  to  use  this  pas- 
sageway, the  majority  of  fingerlings  remained  in  the 
catch  basins.  This  necessitated  the  use  of  a  12-ft  x  4-ft 
X  Vs-in.  seine.  In  five  of  the  ponds,  actual  hand  counts 
were  made  but,  because  of  the  high  oxygen  demand 
in  the  remaining  ponds,  fingerlings  were  quickly 
seined  and  quantitative  estimates  were  made  for 


each  pond.  Ponds  were  then  immediately  pumped  up 
for  any  remaining  fish. 

CULTURE  PROCEDURE  1978 

In  general,  striped  bass  for  this  period  were  hand- 
led in  a  similar  manner  to  that  of  the  previous  year 
(1977).  On  April  10-12,  approximately  502,600  fry 
were  hatched  at  the  Toledo  Bend  Reservoir  and 
transported  to  the  Marine  Laboratory.  Fry  were 
acclimated  from  0.0  ppt  to  1.0  ppt  salinity  and  18.3  to 
18.4°C  in  the  system.  The  holding  system  worked 
well  throughout  the  hatchery  phase  of  the  project, 
with  few  problems.  Lower  water  temperatures  re- 
sulting from  an  extended  winter  appeared  to  slow 
development. 

To  determine  whether  fry  could  survive  in  higher 
salinities  than  those  used  in  the  past,  30  fry  were 
placed  in  one-gallon  jars  (without  acclimation)  con- 
taining 10,  15,  20,  and  25  ppt.  Each  treatment  con- 
sisted of  four  replications  (Table  6).  All  living  fry 
were  counted  at  the  end  of  a  48-hr  period.  A  survival 
rate  of  96^^  was  found  at  the  10  ppt  and  25  ppt  levels. 
With  the  exception  of  one  replication  at  the  20  ppt 
level,  all  runs  exceeded  90%  survival. 

Four  V4-acre  ponds  were  prepared  as  they  had  been 
for  the  previous  year.  Water  temperature  at  stocking 
was  22.4°C,  and  pond  salinity  was  13.6  ppt.  An  esti- 
mated 234,294  fry  were  acclimated  and  stocked  into 
the  ponds  (Table  4). 

A  new  method  of  harvesting  was  attempted  this 
year.  A  glass  "V"  trap,  as  described  in  detail  by  Wil- 
liams (1966),  was  set  into  the  catch  basins  of  each 
pond,  which  was  then  slowly  drained.  The  traps 
worked  to  some  degree,  capturing  approximately  15- 
20%  of  the  total  pond  population.  This  process  was 
time  consuming,  and  low  oxygen  problems  were  en- 
countered because  of  high  concentrations  of  fish  in  a 
limited  volume  of  water.  The  seine,  therefore  was 
used  once  again  to  harvest  remaining  fish. 

As  in  previous  years,  the  lOO-ft  seine  stations  were 
sampled  early  in  the  period,  with  a  600-ft  x  8-ft  x 
V2-in.  mesh  seine  used  for  the  latter  samples  of  the 
period. 

CULTURE  PROCEDURE  1979 

Following  the  1978  rearing  studies,  the  two  large 
saltwater  pumps  that  furnished  the  water  supply  to 
the  hatchery  system  as  well  as  the  V4-acre  ponds 
sustained  permanent  damage.  Replacement  pumps 
had  not  been  installed  prior  to  the  1979  effort,  so 
arrangements  to  rear  fry  to  the  feeding  state  were 
made  with  the  personnel  at  Rockefeller  Wildlife  Re- 
fuge on  Grand  Chenier,  Louisiana. 

On  April  9, 1979,  fry  were  again  obtained  from  the 
Toledo  Bend  Reservoir  and  flown  directly  to  Grand 
Chenier,  where  hatchery  personnel  monitored  the 
fry.  When  the  majority  of  fry  began  feeding,  they 
were  boxed  similarly  to  that  of  previous  shipments 
and  flown  to  the  Marine  Laboratory. 
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Four  ponds  were  prepared  as  they  had  been  in 
previous  years,  except  that  they  were  pumped  with  a 
small  dredge  located  adjacent  to  the  ponds. 

Conventional  sock-type  filters  could  not  be 
adapted  to  the  exhaust  because  of  the  high  volume  of 
water  and  pressure  passing  through  the  pipe.  There- 
fore, large  burlap  sacks  were  tied  onto  the  exhaust  to 
prevent  the  larger  predators  from  entering  the 
ponds. 

When  the  514,815  fry  arrived,  they  were  accli- 
mated and  distributed  into  the  four  ponds.  Because  of 
the  inability  of  holding  the  fry  until  dark,  they  were 
released  immediately  upon  arrival.  Stocking  rates 
were  high  because  of  the  large  number  of  fry  received 
(Table  4). 

RESULTS  -  1975 

Fish  were  sampled  from  the  ponds  using  dip  net  for 
the  first  25-day  growing  period  (Table  7).  Average 
growth  was  1.03  mm  per  day.  A  small  mesh  cast  net 
was  used  to  sample  fish  for  the  second  25-day  period, 
wherein,  fish  grew  an  average  of  1.17mm  per  day. 

Approximately  30,577  fingerlings  (45-50  mm) 
were  stocked  into  Bassa  Bassa  Bay  (Figure  1),  a  shal- 
low, semi-protected  bay  within  Barataria  Bay.  Stock 
rates  and  harvest  figures  are  listed  in  Table  7.  There 
was  an  overall  survival  rate  of  5%,  partially  attribut- 
able to  poor  handling  techniques  but  primarily  to  low 
dissolved  oxyen  readings  caused  by  dense  growth  of 
algae  and  grasses  during  periods  of  overcast  and 
windless  days. 

A  check  for  parasites  during  the  two  samples  for 
growth  revealed  no  external  parasites.  All  specimens 
appeared  to  be  in  excellent  physical  condition,  in- 
dicating that  internal  parasites  did  not  exist  in 
harmful  numbers. 

Striped  bass  were  not  collected  by  any  of  the  sam- 
pling methods.  However,  two  possible  landings  were 
reported  in  the  Grand  Isle  area.  On  March  15,  a  four 
pound  female  was  captured  by  a  500-ft  x  6-ft  x  1%-in. 
nylon  seine  on  the  Grand  isle  beach,  and  a  three 
pounder  was  reportedly  caught  further  northward  in 
the  bay  later  that  summer.  Positive  identification 
was  not  made  on  either  fish,  but  commercial  fisher- 
men who  captured  the  four-pound  fish  identified  pic- 
tures of  striped  bass  as  the  fish  they  captured.  They 
also  stated  that  they  had  captured  several  over  a 
period  of  years. 

Approximately  200  sub-adult  fish  were  held  in  a 
5-acre  pond  adjacent  to  the  Laboratory  facility  as  a 
holdover  from  the  1974  project  "AFC-4"  to  be  used  as 
broodstock  at  a  future  date.  A  sample  of  17  of  these 
fish  the  following  year  averaged  237  mm  fork  length, 
253  mm  total  length,  and  145  grams  (g). 

RESULTS  -  1976 

A  preliminary  stocking  of  142,793  fry  into  four 
Vi-acre  ponds  on  April  26,  1976,  resulted  in  27,000 


fingerlings.  The  second  stocking  attempt  of  705,102 
fry  on  May  8,  1976,  produced  19,250  fingerlings.  In 
all,  a  total  of  847,895  fry  were  stocked  and  46,250 
fingerlings  harvested,  yielding  a  5.5%  survival  rate. 

Samples  were  taken  from  each  pond  after  a  25-day 
period  in  order  to  determine  growth  (Table  7).  The 
average  rate  of  growth  was  1.15  mm  per  day  total 
length  and  0.0088  g  per  day  in  weight.  Another  sam- 
ple was  taken  at  45  days,  and  the  rate  of  growth  was 
0.89  mm  per  day  total  length  and  0.155  g  per  day  in 
weight. 

The  large  number  of  fry  available  for  the  second 
stocking  and  the  few  ponds  available  forced  the  use  of 
high  stocking  rates  (Table  4).  Compounding  the  prob- 
lem was  the  hurried  preparation  of  ponds  the  night 
prior  to  stocking;  therefore,  they  had  very  little  water 
and  virtually  no  food,  which  undoubtedly  led  to  the 
low  yield  of  S^c  as  compared  to  19%  for  the  first 
stocking. 

No  striped  bass  were  known  to  be  collected  by  any 
sampling  method  from  Barataria  Bay. 

Approximately  140  two-year-old  stripers  held  in  a 
V4-acre  pond  from  1974,  AFC-4  project,  were  har- 
vested and  released  into  the  5-acre  pond.  An  18-fish 
sample  averaged  252  mm  fork  length  and  268  mm 
total  length. 

RESULTS  -  1977 

Five  fish  were  sampled  from  each  pond  in  May 
during  a  14-day  growing  period  (Table  10).  Average 
weight  was  0.039  g  and  average  length  was  15.8  mm 
total  length.  Fish  grew  1.13  mm  per  day  and  0.003  g 
per  day.  Samples  were  again  taken  on  May  26  for  an 
intervening  21 -day  growing  period  (Table  7).  Aver- 
age weight  of  the  fish  was  0.060  g,  an  increase  of  0.03 
g  per  day.  Average  length  increase  was  20  mm,  or 
0.95  mm  per  day.  Numbers  captured  were  not  indica- 
tive of  pond  populations,  as  a  low  correlation  was 
noted.  The  problems  encountered  with  this  sampling 
technique  were  probably  due  to  (1)  schooling  be- 
havior exhibited  in  the  ponds,  thus  numbers  reflect 
whether  part  of  a  school  was  captured  or  totally  mis- 
sed; and  (2)  in  ponds  with  large  amount  of  detritus 
and  algae,  the  small  mesh  bag  of  the  trawl  would 
quickly  fill,  and  water  and  fish  would  actually  be 
pushed  ahead  of  the  net,  thus  reducing  catch  per  tow. 

Throughout  the  growing  period,  pond  tempera- 
tures averaged  26.7°C,  with  a  minimum  of  16°C  and  a 
maximum  of  34°C.  Pond  salinities  averaged  20.3  ppt 
but  varied  with  precipitation  and  bay  salinity,  which 
ranged  from  12.0  to  27.0  ppt. 

All  samples  were  checked  for  general  body  condi- 
tion and  parasites.  Fish  appeared  healthy  with  few 
parasite  or  fungal  problems  and  virtually  no  morpho- 
logical aberrations  in  form  noted.  Samples  were  pre- 
served in  a  10%  formalin  solution. 

Survival  was  excellent,  with  mortality  probably 
less  than  1%,  which  contrasts  with  previous  years 
when  fingerlings  were  in  a  highly  stressed  state  fol- 
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lowing  transport  to  outlying  stocking  areas  such  as 
Bassa  Bassa  Bay  (Figure  1).  The  first  harvest  pro- 
duced 35,000  fingerlings  (Table  7),  with  a  second 
harvest  of  remaining  fish,  following  a  two-week  in- 
terval, yielding  3,191,  for  a  total  harvest  of  38,191 
fingerlings;  a  6.6%  survival  rate. 

During  this  period,  new  methods  were  attempted 
in  the  hatchery  holding  period,  pond  sampling,  and 
harvest  and  stocking  procedures.  Stocking  directly 
into  adjacent  canals  with  salinity  and  temperature 
similar  to  the  rearing  ponds  was  determined  to  be  the 
best  technique,  allowing  for  a  quick  and  efficient 
release  and  producing  healthier  fish. 

Although  no  striped  bass  were  captured  in  any  of 
the  samples,  there  were  three  reports  from  the 
Leeville,  Louisiana,  area  from  commercial  fishermen 
who  all  agreed  they  had  captured  striped  bass 
weighing  2-3  lbs.  Each  fisherman  had  fished  com- 
mercially on  the  East  Coast  and  was  familiar  with 
striped  bass.  Again  the  fish  were  destroyed  prior  to 
verification  by  biologists. 

RESULTS  -  1978 

Twenty-eight  days  after  stocking  on  May  15,  five 
fish  were  sampled  from  each  pond.  Their  lengths  and 
weights  are  given  in  Table  7.  At  the  time  of  harvest 
on  July  6,  a  sample  of  10  fish  averaged  49.4  mm  total 
length  and  weighed  1.44  g.  During  the  52-day  grow- 
ing period,  fish  grew  0.52  mm  per  day  and  0.03  g  per 
day.  Weight  gain  this  year  was  essentially  the  same 
as  in  1977.  The  rate  of  increase  in  length  tends  to 
slow  as  the  juvenile  bass  grow,  indicating  an  increase 
in  girth  rather  than  in  length.  Disparate  results  were 
obtained  with  fish  in  adjacent  ponds  and  even  within 
the  ponds  themselves. 

The  first  harvest  produced  5,688  fingerlings,  with 
a  second  harvest  on  May  19  producing  an  additional 
1,435,  for  a  total  of  7,123  (Table  4),  yielding  a  3% 
survival  rate.  Mortality  was  again  extremely  low 
during  the  release  into  the  bay  system  primarily 
because  of  less  handling,  as  they  were  immediately 
stocked  into  a  canal  adjacent  to  the  rearing  ponds. 

The  3-acre  pond  was  partially  drawn  down  and 
seined  several  times.  Only  12  striped  bass  in  the  four 
to  five  pound  class  were  captured.  It  was  realized  at 
this  point  that  the  relatively  small  size  and  low  num- 
ber of  bass  in  the  pond  would  be  of  little  help  in  future 
spawning  work  at  the  facility,  so  they  were  tagged 
and  released. 

Sampling  for  adult  bass  was  conducted  as  in  pre- 
vious year,  with  no  bass  being  captured  by  any 
means. 


RESULTS  -  1979 

Five  fish  were  sampled  from  each  pond  on  May  9, 
26-days  following  stocking  (Table  7).  Average  length 
was  17.0  mm  total  length,  with  an  average  weight  of 
0.41  g.  Fish  grew  0.65  mm  per  day  and  0.016  g  per 


day.  Ten  fish  were  sampled  from  each  pond  at  the 
time  of  harvest  on  June  6.  Average  length  was  39.7 
mm  and  average  weight  was  0.81  g.  On  the  average, 
fish  grew  0.87  mm  per  day  and  0.016  g  per  day  during 
this  period. 

Despite  numerous  problems  encountered,  the  re- 
sultant pond  drawdown  and  stocking  produced  a  tot- 
al of  26,400  fingerlings  (Table  4),  for  a  4.2%  survival 
rate.  This  figure  does  not  include  pond  D-7  in  which 
all  fish  died  on  the  morning  of  harvest  because  of  low 
dissolved  oxygen  (2.0  ppm).  This  pond  contained  a 
large  amount  of  grass  and  detritus.  It  was  thought 
that  the  ponds  would  contain  large  amounts  of  pre- 
dators, because  of  the  method  of  pumping  this  year; 
however,  few  predators  were  found,  with  the  major- 
ity of  fish  being  small  Cyprinodon  variegatus. 

The  drain  and  seine  harvest  technique,  which 
appeared  to  be  the  most  successful  in  the  past,  was 
again  used.  Again,  no  extraordinary  problems  re- 
sulted during  the  stocking  process,  and  there  was 
virtually  no  mortality.  Pond  D-7,  which  had  a  low 
dissolved  oxygen  reading,  still  contained  sufficient 
water  at  the  time  of  harvesting,  and  it  is  not  believed 
that  pond  drainage  caused  the  problem. 

Several  fish  were  reported  this  year  in  the  four  to 
six  pound  class.  Two  commercial  fishermen  who  had 
previously  reported  fish  in  1975  retained  a  specimen 
captured  in  a  500-ft  beach  seine  on  the  Grand  Isle 
beach.  The  fish  was  a  female  measuring  502  mm 
standard  length  and  601  mm  total  length  and 
weighed  2,953.6  g.  The  stomach  contained  Gulf 
menhaden,  Brevoortia  patronus. 

DISCUSSION 

Various  methods  and  techniques  were  developed 
and  utilized  during  the  project;  these  ranged  from 
shipment  of  fry  to  the  final  harvest.  Throughout  the 
period  numerous  problems  were  encountered  and 
subsequent  adjustments  were  made  to  correct  them. 

Many  of  the  problems  with  the  hatchery  system 
occurred  during  the  second  and  third  years;  these 
problems  included  water  purification,  temperature, 
and  salinity  control.  Lesser  problems  were  encoun- 
tered with  tank  sampling,  harvest,  and  hatching  suc- 
cess oi  Artemia  nauplii.  By  1978,  the  hatchery  hold- 
ing phase  had  developed  into  a  rather  simple  step-by- 
step  procedure  and  was  dependable,  barring  mecha- 
nical or  electrical  failures.  By  that  time,  tank  sam- 
pling for  density  estimation  and  tank  harvest  for 
pond  stocking  had  been  developed  to  a  point  of 
minimal  time,  handling,  and  mortality.  The  hatch- 
ery facility  has  a  high  potential  holding  capacity  for 
future  work. 

Mechanical  breakdown  of  equipment  during  all 
phases  of  the  project  often  caused  intricate  problems 
requiring  numerous  last-minute  adjustments.  Addi- 
tionally, electrical  failures  often  attributed  to  storms 
during  the  holding  phase  made  the  rearing  process 
hectic. 
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Pond  rearing  success  was  variable,  at  best,  with 
survival  ranging  from  0%  to  79%.  Results  were 
usually  disparate  from  adjacent  ponds  and  even 
within  the  same  pond  used  during  different  years. 
Numerous  conditions  in  the  ponds,  as  well  as  exter- 
nal factors  probably  influenced  this  survival.  Gras- 
ses, algae  and  detritus  build-up,  and  occasional  low 
dissolved  oxygen  were  recurring  pond  problems. 
Pond  preparation  was  almost  invariably  affected  by 
hot,  overcast,  and  windless  days,  which  slowed 
planktonic  blooms.  This  undoubtedly  affected  sur- 
vival of  fry  in  those  ponds  by  offering  a  sparse  food 
supply. 

Harvest  techniques  in  the  ponds  were  improved 
from  year  to  year.  The  best  method  found  to  be  the 
drain  and  seine  technique,  which  is  best  utilized  with 
the  stocking  method  used  the  last  two  years:  stocking 
fmgerlings  directly  into  adjacent  canals.  This  has 
proved  to  be  the  most  efficient  method,  producing  the 
highest  survival  of  fingerlings.  The  only  drawback  to 
this  method  was  a  loss  in  accuracy  of  counting  unless 
only  a  small  number  was  produced  per  pond.  When 
several  ponds  containing  large  numbers  of  fry  are 
drained  simultaneously,  a  volumetric  method  would 
give  a  close  estimate  of  number  of  fingerlings. 

Predation  within  the  ponds  appeared  to  be  minim- 
al, with  most  observed  predation  occurring  when 
large  numbers  of  fingerlings  were  concentrated  in 
the  pond's  catch  basins  along  with  blue  crabs,  Cal- 
linectes  sapidus.  Despite  efforts  to  restrain  the  crabs 


from  entering  the  ponds,  they  were  fairly  successful 
in  doing  so,  probably  entering  in  the  zoea  stage  of 
development. 

Sampling  techniques  within  the  ponds  for  fry  and 
fingerlings  and  in  the  bay  for  sub-adult  and  adult 
bass  were  constantly  improved  during  the  period. 
Although  no  fish  were  captured  in  our  samples,  other 
reports  were  received.  The  success  of  the  program 
cannot  be  adequately  judged  from  these  results  be- 
cause of  the  vast  area  in  which  a  relatively  small 
number  of  fingerlings  were  released. 

This  project  is  believed  to  have  been  successful  in 
relation  to  the  first  two  objectives  in  that  adequate 
holding  and  rearing  techniques  have  been  estab- 
lished and  growth  has  been  determined  in  brackish 
water  ponds.  It  is,  however,  too  early  to  determine 
the  relative  success  in  terms  of  an  established 
population  within  this  system.  When  reviewing  the 
results  in  this  aspect,  it  should  be  remembered  that  a 
small  number  of  fingerlings  were  released  in  relation 
to  the  size  of  the  system  and  that,  if  the  project  were 
to  be  continued,  it  is  recommended  that  effort  be 
intensified.  However,  before  similar  projects  are  in- 
itiated, it  is  suggested  that  stocking  these  areas  with 
yet  another  predator  species  be  further  explored. 
Additionally,  a  cost-benefit  ratio  should  be  deter- 
mined for  projects  such  as  this,  as  well  as  a  biological 
assessment  of  potential  liabilities  of  such  a  program 
if  it  were  successful. 
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Table  1.  Average  salinity  (ppt)  for  May  and  June  1974-1979. 


1974      1975      1976      1977      1978      1979 


May 
June 


15.3 
15.7 


7.9 
11.4 


24.0 
21.5 


16.1 
23.4 


16.1 
14.3 


9.7 
11.4 


Table  2.  Average  temperature  (°C)  for  May  and  June  1974-1979. 


1974      1975      1976      1977      1978      1979 


May 
June 


26.3 
29.0 


27.3 
29.4 


24.7 
28.3 


25.4 
28.6 


26.3 
29.3 


25.2 
28.4 


Table  3.  Marsh  zone  vegetative  types  as  listed  by  Chabreck  1968. 


Saline  Marsh 

oyster  grass  (Spartina  alterniflora) 
black  rush  (Juncus  roemerianus) 
black  mangrove  (Auicennia  nitida) 
saltgrass  (Distichlis  spicata) 
Salicornia  sp. 
Batis  maritima 

Fresh  Marsh 

maiden  cane  (Panicum  hemitomon) 
water  hyacinth  (Eichhornia  crassipes) 
pickerelweed  (Pontederia  cordata) 
alligator  weed  (Alternanthera  philoxeroides) 
bulltongue  (Sagittaria  sp.) 
Hydrocotyle  sp. 


Brackish  Marsh 

wiregrass  (Spartina  patens) 
three-cornered  grass  (Scirpus  patens) 
coco  (Scirpus  olneyi) 
widgeongrass  (Ruppia  maritima) 

Intermediate  Marsh 

wiregrass  (Spartina  patens) 
deer  pea  (Vigna  repens) 
bulltongue  (Sagittaria  sp.) 
wild  mullet  (Echinochloa  walteri 
bullwhip  (Scirpus  californicus) 
sawgrass  (Cladium  jamaicense) 
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Table  4.  Stocking  rates,  harvest,  and  percent  recovery  of  striped  bass  in  •/»-  and  '/_^-acre  ponds, 
1975-79. 

1975 


Pond  Size 

Number 

Number 

Percent 

Days  in 

(acre) 

Stocked 

58,000 

Harvested 

Recovery 

Pond 

1/4 

7,450 

13 

45 

1/4 

57,000 

475 

<1 

45 

1/4 

52,000 

— 

0 

45 

1/4 

50,000 

1,800 

4 

45 

1/4 

57,000 

8,550 

15 

45 

1/4 

53,000 

2,400 

5 

45 

1/4 

52,000 

25 

<1 

45 

1/4 

58,000 

25 

<1 

45 

1/4 

41,000 

1,800 

4 

45 

1/4 

48,000 

2 

<1 

45 

1/4 

42,000 

4,300 

10 

45 

1/4 

37,000 

3,800 

10 

45 

Total 

606,000 

30,577 

5 

1976 


Pond  Size 

Number 

Number 

Percent 

Days  in 

(acre) 

Stocked 

Harvested 

Recovery 

Pond 

1/4 

20,756 

16,335 

79 

35 

1/4 

50,020 

2,970 

6 

35 

1/4 

40,200 

4,065 

10 

35 

1/4 

31,817 

3,860 

12 

35 

1/4 

60,452 

8,455 

14 

40 

1/4 

54,558 

1,526 

3 

40 

1/4 

66,268 

2,075 

3 

40 

1/4 

50,676 

6,806 

13 

40 

1/4 

60,943 

7,412 

12 

40 

1/4 

46,847 

700 

1 

40 

1/4 

56,925 

250 

0.4 

40 

1/4 

48,882 

1,000 

0.4 

40 

1/4 

35,876 

1,000 

0.4 

40 

1/4 

72,500 

1,000 

0.4 

40 

1/4 

35,844 

1,000 

0.4 

40 

1/4 

65,000 

1,000 

0.4 

40 

l/l6 

15,852 

0 

0 

40 

l/l6 

13,560 

0 

0 

40 

Total 

826,976 

59,454 

7 
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Table  4.  Cont'd 


1977 


Pond  Size 

Number 

Number 

Percent 

Days  in 

(acre) 

Stocked 

Harvested 

Recovery 

Pond 

1/4 

16,757 

3,032 

18 

40 

1/4 

29,324 

3,494 

12 

40 

y4 

37,702 

2,239 

6 

40 

V4 

20,422 

2,082 

10 

40 

y4 

15,186 

4,768 

31 

40 

1/4 

9,949 

1,837 

18 

40 

1/4 

20,946 

865 

4 

40 

V4 

29,324 

2,704 

9 

40 

1/4 

42,790 

4,375 

10 

40 

1/4 

10,996 

6,516 

59 

40 

1/4 

21,993 

2,266 

10 

40 

V4 

9,949 

4,013 

40 

40 

265,338 

38,191 

14 

1978 


Pond  Size 

Number 

Number 

Percent 

Days  in 

(acre) 

Stocked 

Harvested 

Recovery 

Pond 

1/4 

69,120 

2,215 

3 

80 

1/4 

78,880 

1,416 

2 

80 

1/4 

36,693 

1,187 

3 

80 

1/4 

49,600 

2,305 

3 

80 

234,293 

7,123 

3 

1979 


Pond  Size 

Number 

Number 

Percent 

Days  in 

(acre) 

Stocked 

Harvested 

Recovery 

Pond 

1/4 

118,410 

6,800 

6 

54 

1/4 

118,410 

14,600 

12 

54 

1/4 

185,495 

5,000 

3 

54 

1/4 

92,500 

0 

0 

54 

514,815 

26,400 

5 
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Table  5.  Numbers  offish  sampled  with  6-ft.  trawl  (2  tows/pond),  pond  harvests,  and  pond  conditions. 


Pond# 

Tow  1 

Tow2 

Total  Tows 

Pond  Harvest 

Pond  Condition 

1 

42 

45 

87 

3,032 

Clean 

2 

6 

0 

6 

3,494 

Heavy  algae 

3 

31 

62 

93 

2,239 

Clean 

4 

0 

18 

18 

2,082 

Algae  and  widgeon  grass 

5 

4 

4 

8 

4,768 

Distichlis  and  algae 

6 

1 

1 

2 

1,837 

Clean 

11 

12 

41 

53 

865 

Clean 

12 

13 

16 

29 

2,704 

Heavy  algae 

13 

2 

7 

9 

4,375 

Heavy  algae 

14 

27 

3 

30 

6,516 

Heavy  widgeon  grass 

15 

80 

54 

134 

2,266 

Widgeon  grass 

16 

9 

66 

75 

4,013 

Algae 

Total 

38,191 

Table  6.  Salinity  tolerance  test  for  striped  bass  fi-y. 


Replications 

Salinity  (ppt) 

%  Survival 

10 

15 

20 

25 

1 

97 

100 

14 

97 

2 

97 

90 

100 

90 

3 

93 

93 

100 

97 

4 

97 

90 

90 

94 

df 


Analysis  of  Variance 


SS 


MS 


Treatment 

3 

1051 

350 

0.7927 

Error 

12 

5304 

442 

foo5  =  3-49 

Total 

15 

6355 
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Table  7.  Pond  samples  for  growth  and  development  of  fingerlings. 


V4  Acre  Ponds 


Samples 


Total  Length  (mm) 


Weight  (g.) 


1976  -  25  Days 


2 
3 

4 

5 

Average 


29.0 
35.0 
31.0 
34.0 
33.0 
32.4 


0.24 
0.39 
0.25 
0.30 
0.36 
0.31 


1 
2 
3 

4 

5 

Average 


27.0 
29.0 
26.0 
28.0 
26.0 
27.2 


0.17 
0.22 
0.15 
0.17 
0.14 
0.17 


1 
2 
3 
4 
5 
Average 


20.0 
24.0 
32.0 
28.0 
29.0 
26.6 


0.08 
0.11 
0.29 
0.20 
0.24 
0.18 


No  Samples  Available 


1976  -  45  Days 


1 
2 
3 

4 

5 

Average 


39.0 
45.0 
41.0 
36.0 
40.0 
40.2 


0.70 
0.99 
0.66 
0.54 
0.60 
0.70 


1 
2 
3 
4 
5 
Average 


41.0 
36.0 
32.0 
36.0 
30.0 
35.0 


0.72 
0.52 
0.26 
0.52 
0.21 
0.45 


1 
2 
3 
4 
5 
Average 


37.0 
42.0 
37.0 
39.0 
51.0 
41.2 


0.62 
0.83 
1.57 
0.53 
0.66 
0.84 


1 
2 
3 
4 
5 
Average 


41.0 
43.0 
36.0 
37.0 
37.0 
38.8 


0.61 
0.79 
0.44 
0.46 
0.44 
0.55 
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Table  7.  Cont'd 


V4  Acre  Ponds 


Samples 


Total  Length  (mm) 


Weight  (g.) 


1976  -  45  Days 


1 
2 
3 
4 

5 
Average 


39.0 
40.0 
39.0 
39.0 
35.0 
38.4 


0.61 
0.64 
0.40 
0.58 
0.67 
0.58 


1 
2 
3 

4 
5 

Average 


44.0 
38.0 
37.0 
39.0 
35.0 
38.6 


0.45 
0.62 
0.88 
0.63 
0.57 
0.63 


1 
2 
3 

4 

5 

Average 


42.0 
36.0 
39.0 
33.0 
31.0 
36.2 


0.76 
0.46 
0.36 
0.52 
0.26 
0.47 


1 
2 
3 
4 

5 
Average 


36.0 
36.0 
32.0 
33.0 
34.0 
34.2 


0.51 
0.45 
0.31 
0.36 
0.34 
0.39 


1 
2 
3 

4 
5 

Average 


56.0 
41.0 
40.0 
44.0 
28.0 
41.8 


2.12 
0.78 
0.63 
1.01 
0.21 
0.95 


1 
2 
3 

4 

5 
Average 


48.0 
36.0 
36.0 
35.0 
28.0 
36.6 


0.97 
0.41 
0.47 
0.72 
0.39 
0.59 


No  Samples  available 


26.0 


0.17 


1 
2 
3 

4 

5 

Average 


39.0 
37.0 
33.0 
33.0 
34.0 
35.2 


0.69 
0.47 
0.42 
0.44 
0.77 
0.56 
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Table?.  Cont'd 


Vie  Acre  Ponds 


Samples 


Total  Length  (mm) 


Weight  (g.) 


1976  -  45  Days 


1 
2 
3 
4 
5 
Average 


22.0 
21.0 
22.0 
27.0 
20.0 
22.4 


0.11 
0.08 
0.10 
0.17 
0.06 
0.10 


1 
2 
3 
4 
5 
Average 


21.0 
22.0 
21.0 
16.0 
20.0 
20.0 


0.11 
0.10 
0.10 
0.05 
0.09 
0.09 


1977  -  14  Days 
Vt  Acre  Ponds 


1 
2 
3 
4 
5 
Average 


17.0 
18.0 
17.0 
17.0 
14.0 
16.6 


0.035 
0.041 
0.038 
0.039 
0.021 
0.0348 


1 

2 
3 
4 
5 
Average 


14.0 
14.0 
15.0 
16.0 
14.0 
14.6 


0.022 
0.023 
0.025 
0.030 
0.021 
0.0242 


No  Samples  Available 


1 
2 
3 

4 

5 

Average 


16.0 
15.0 
15.0 
16.0 
15.0 
15.4 


0.030 
0.030 
0.030 
0.030 
0.028 
0.0296 


1 

2 
3 
4 
5 
Average 


15.0 
15.0 
16.0 
16.0 
17.0 
15.8 


0.041 
0.041 
0.040 
0.045 
0.050 
0.0434 


1 
2 
3 
4 
5 
Average 


14.0 
16.0 
16.0 
16.0 
15.0 
15.4 


0.025 
0.035 
0.040 
0.038 
0.030 
0.0336 
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Table  7.  Cont'd 


V4  Acre  Ponds 


Samples 


Total  Length  (mm) 


Weight  (g.) 


1977  -  14  Days 
1 
2 
3 
4 
5 
Average 


17.0 
17.0 
17.0 
16.0 
17.0 
16.8 


0.047 
0.049 
0.049 
0.046 
0.044 
0.0470 


1 
2 
3 

4 

5 

Average 


15.0 
16.0 
15.0 
15.0 
16.0 
15.4 


0.030 
0.040 
0.030 
0.032 
0.041 
0.0346 


1 
2 
3 
4 
5 
Average 


19.0 
15.0 
16.0 
16.0 
16.0 
16.4 


0.080 
0.038 
0.048 
0.050 
0.050 
0.0532 


No  Samples  Available 


1 
2 
3 
4 
5 
Average 


14.0 
15.0 
15.0 
16.0 
14.0 
14.8 


0.030 
0.035 
0.039 
0.044 
0.031 
0.0358 


1977  -  35  Days 


1 
2 
3 
4 
5 
Average 


40.0 
37.0 
41.0 
39.0 
40.0 
39.4 


0.75 
0.68 
0.95 
0.79 
0.91 
0.816 


1 
2 
3 
4 
5 
Average 


35.0 
30.0 
39.0 
29.0 
30.0 
32.6 


0.57 
0.40 
0.83 
0.32 
0.34 
0.492 
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Table  7.  Cont'd 


V4  Acre  Ponds 


Samples 


Total  length  (mm) 


Weight  (g.) 


1977  -  35  Days 


1 
2 
3 
4 
5 
Average 


41.0 
39.0 
40.0 
38.0 
38.0 
39.2 


0.84 
0.85 
0.87 
0.79 
0.73 
0.816 


1 
2 
3 
4 
5 
Average 


42.0 
39.0 
37.0 
34.0 
29.0 
36.2 


0.97 
0.83 
0.75 
0.51 
0.36 
0.684 


1 
2 
3 

4 

5 

Average 


39.0 
31.0 
34.0 
30.0 
27.0 
32.2 


0.89 
0.57 
0.47 
0.37 
0.25 
0.510 


1 
2 
3 
4 
5 
Average 


37.0 
38.0 
33.0 
33.0 
24.0 
33.0 


0.68 
0.67 
0.46 
0.45 
0.20 
0.492 


1 
2 
3 

4 

5 

Average 


37.0 
38.0 
38.0 
30.0 
26.0 
33.8 


0.66 
0.69 
0.76 
0.31 
0.29 
0.584 


1 
2 
3 
4 

5 

Average 


36.0 
38.0 
31.0 
29.0 
30.0 
32.8 


0.68 
0.73 
0.36 
0.40 
0.34 
0.502 


1 
2 
3 

4 
Average 


42.0 
33.0 
37.0 
31.0 
35.8 


0.96 
0.54 
0.71 
0.40 
0.653 
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Table  7.  Cont'd 


1/4  Acre  Ponds 


Samples 


Total  Length  (mm) 


Weight  (g.) 


1977  -  35  Days 


1 
2 
3 

4 

5 

Average 


42.0 
41.0 
39.0 
39.0 
38.0 
39.8 


0.99 
0.93 
0.74 
0.71 
0.67 
0.808 


1 
2 
3 
4 

5 

Average 


40.0 
46.0 
41.0 
36.0 
31.0 
38.8 


0.76 
1.28 
0.86 
0.62 
0.38 
0.780 


1 
2 
3 

4 

Average 


39.0 
39.0 
33.0 
32.0 
35.8 


0.74 
0.83 
0.51 
0.45 
0.633 


1978  -  28  Days 


1 
2 
3 
4 
5 
Average 


23.0 
21.0 
24.0 
24.0 
20.0 
22.4 


0.10 
0.07 
0.13 
0.12 
0.06 
0.10 


1 
2 
3 
4 

5 
Average 


17.0 
19.0 
19.0 
19.0 
20.0 
18.8 


0.04 
0.06 
0.06 
0.06 
0.08 
0.06 


1 
2 
3 

4 
5 

Average 


31.0 
26.0 
26.0 
28.0 
28.0 
27.8 


0.29 
0.18 
0.17 
0.22 
0.02 
0.22 


1 
2 
3 

4 

5 

Average 


20.0 
20.0 
21.0 
21.0 
22.0 
20.8 


0.06 
0.06 
0.07 
0.08 
0.08 
0.07 
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Table  7.  Cont'd 


V4  Acre  Ponds 


Samples 


Total  Length  (mm) 


Weight  (g.) 


1978  -  80  Days 


1 
2 
3 
4 
5 
Average 


46.0 
52.0 
50.0 
49.0 
46.0 
48.6 


1.11 
1.54 
1.37 
1.81 
1.01 
1.37 


No  Samples  Available 


1 
2 
3 
4 

5 
Average 


49.0 
53.0 
58.0 
49.0 
44.0 
50.6 


1.22 
1.70 
2.30 
1.34 
0.97 
1.51 


1979  -  25  Days 


1 
2 
3 

4 
Average 


19.0 

17.0 
17.0 
16.0 
17.3 


0.053 
0.030 
0.035 
0.027 
0.037 


1 
2 
3 

4 

5 

Average 


22.0 
15.0 
15.0 
14.0 
13.0 
15.8 


0.051 
0.021 
0.029 
0.020 
0.018 
0.034 


1 
2 
3 
4 
5 
Average 


13.0 
15.0 
14.0 
14.0 
13.0 
13.8 


0.014 
0.022 
0.018 
0.021 
0.013 
0.018 


1 
2 
3 

4 
Average 


22.0 
21.0 
21.0 
20.0 
21.0 


0.074 
0.073 
0.072 
0.060 
0.070 
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Table?.  Cont'd 


1/4  Acre  Ponds  Samples  Total  Length  (mm)  Weight  (g.) 

1979  -  54  Days                                1  43.0  0.99 

2  41.0  0.67 

3  42.0  0.94 

4  39.0  0.78 

5  40.0  0.81 

6  38.0  0.69 

7  43,0  0.92 

8  35.0  0.57 

9  42.0  0.87 
10  39.0  0.74 


Average  40.2  0.798 


1  35.0  0.46 

2  36.0  0.52 

3  33.0  0.43 

4  35.0  0.44 

5  32.0  0.35 

6  31.0  0.33 

7  33.0  0.37 

8  33.0  0.42 

9  33.0  0.37 
10  32.0  0.36 

Average  33.3  0.405 


1  46.0  1.27 

2  47.0  1.30 

3  46.0  1.16 

4  48.0  1.44 

5  46.0  1.32 

6  46.0  1.22 

7  45.0  1.11 

8  46.0  1.18 

9  45.0  1.14 
10  42.0  .97 

Average  45.7  1.21 
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Environmental  Effects  of  Estuarine  Dredging 
and  Spoil  Disposal,  A  Literature  Review 

Vincent  Guillory 

ABSTRACT 

The  environmental  effects  of  channel  dredging  in  estuaries  are  reviewed  in  this  report. 
Major  changes  occurring  in  conjunction  with  channelization  include:  ( 1 )  water  quality  de- 
gradation, including  increases  in  total  suspended  solids  and  oxygen  demand  and  possible 
release  of  toxicants  bound  to  the  sediments;  (2)  increased  turbidity  and  sedimentation 
because  of  suspension  of  sediments  and  formation  of  mud  flows;  (3)  physical  removal  of 
organisms;  (4)  physical  changes  in  habitat  such  as  creation  of  deep  channels  in  shallow 
littoral  zones,  changes  in  sediment  composition,  loss  of  aquatic  vegetation,  and  formation  of 
spoil  islands;  (5)  increased  salinity  intrusion  associated  with  movement  of  high  saline  water 
into  and  through  channels;  (6)  hydrological  regime  alteration  brought  about  by  the  place- 
ment of  spoil  islands  and  channels;  (7)  increased  erosion;  and  (8)  secondary  effects  caused  by 
increased  residential  and  industrial  growth.  Most  dredge  channels  also  require  periodic 
maintenance  dredging,  thereby  resulting  in  further  environmental  changes.  Effects  of  these 
physico-chemical  modifications  on  the  estuarine  biota  are  discussed.  General  guidelines  and 
criteria  to  minimize  ecological  damage  from  dredge  projects  are  listed.  A  supplemental 
bibliography  of  papers  not  cited  in  the  present  article  is  also  included. 

INTRODUCTION 


Estuaries  and  associated  marshes  are  among  our 
most  valuable  natural  resources.  Estuarine-salt 
marsh  ecosystems  produce  mineral  and  organic  nut- 
rients that  support  much  of  the  production  of  adja- 
cent waters,  serve  as  a  nursery  ground  for  fish  and 
shellfish,  provide  commercial  and  sport  fisheries, 
serve  as  potential  mariculture  sites,  provide  tertiary 
treatment  of  waste,  buffer  storms,  stabilize 
shorelines  and  trap  sediments,  and  furnish  habitat 
for  mammals  and  migratory  waterfowl.  Gosselink  et 
al.  (1974),  in  their  evaluation  of  the  environmental 
value  of  shallow-water  tidal  systems,  calculated  that 
average  marshlands  along  the  South  Atlantic  and 
Gulf  coasts  were  worth  $12^,500  per  hectare,  with 
the  best  estimated  at  $202,540  per  hectare. 

Estuaries  are  particularly  vulnerable  to  man- 
induced  perturbations  because  many  of  their  real 
values  are  not  recognized  or  accrue  some  distance 
from  the  estuary  itself  (Odum  1970).  The  invasion  of 
estuaries  by  modern  human  society  with  its  atten- 
dant technological  manipulations  has  often  been 
accompanied  by  destruction  of  habitat. 

Although  it  is  essential  that  waterways  be  main- 
tained in  navigable  condition,  channel  dredging  and 
spoil  disposal  are  probably  the  most  noticeable,  con- 
troversial, and  significant  alteration  in  estuaries 
(Clark  1974).  Lindall  and  Saloman  (1977)  indicated 
that  construction  and  maintenance  of  navigation 
channels  represent  the  single  largest  form  of 
estuarine  alteration  on  the  Gulf  Coast.  Construction 
of  pipeline  and  access  canals  by  the  petroleum  indus- 
try is  also  a  prominent  feature  of  the  coastal  ecosy- 
stem in  Louisiana  (Adkins  and  Bowman  1976).  Of 


the  approximately  7.3  million  acres  of  Louisiana's 
coastal  marshes,  estuaries,  and  lagoons,  42,100  acres 
are  canals  and  channels.  The  combined  length  of 
these  channels  is  4,570  miles.  Another  example  of 
the  magnitude  of  estuarine  alteration  resulting  from 
channelization  is  the  amount  of  material  that  is  re- 
moved annually  by  maintenance  dredging.  The  U.S. 
Army  Corps  of  Engineers  dredges  an  average  of  60.8 
million  cubic  yards  annually  from  navigation  chan- 
nels in  Louisiana  (Lindall  and  Saloman  1977).  The 
amount  of  channelization  and  maintenance  dredging 
by  local  interests  (navigation  districts,  industrial 
firms,  parish  governments,  municipalities,  and  pri- 
vate developers)  is  probably  also  large.  Obviously, 
such  dredging  has  had  a  decisive  and  cumulative 
impact  on  the  wetland  environment  of  Louisiana 
(Davis  1973). 

The  history  of  dredging  in  Louisiana  was  reviewed 
by  Adkins  and  Bowman  ( 1976).  The  first  canals  were 
dug  by  hand  in  the  1770's  to  drain  swamps  and  mar- 
shes. These  small  ditches  later  served  as  access 
routes  for  small  boats.  More  recently,  channel  dredg- 
ing activities  have  been  largely  restricted  to  the  pet- 
roleum industry  and  to  navigation  and/or  flood  con- 
trol projects  by  the  U.S.  Army  Corps  of  Engineers. 
Channelization  in  coastal  Louisiana  is  especially 
prevalent  because  the  drainage  is  generally  oriented 
in  a  north-south  direction,  which  impedes  east- 
west  travel.  To  rectify  this  situation,  canals  were 
excavated  as  connective  links  between  navigable 
bayous.  Petroleum-related  canals  are  more  hapha- 
zard with  respect  to  direction. 

Recent  environmental  and  water  quality  consid- 
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erations  have  made  it  apparent  that  those  involved 
in  dredging  regulations  should  attempt  to  minimize 
any  environmental  disturbances  resulting  from 
dredging  activities.  To  do  so,  it  is  necessary  to  under- 
stand the  response  of  the  estuarine  environment  to 
dredging.  A  variety  of  information  on  dredging  and 
spoil  disposal  has  appeared  in  the  scientific  and  tech- 
nical literature.  Although  widespread,  this  litera- 
ture is  difficult  to  compile  and  synthesize.  Conse- 
quently, regulatory  personnel  may  encounter  diffi- 
culty in  evaluating  the  impact  of  dredging  projects. 
The  purpose  of  this  report  is  to  synthesize  available 
literature  and  provide  a  comprehensive  and  objective 
review  of  the  physical,  chemical,  and  biological 
aspects  of  estuarine  dredging  and  spoil  disposal. 

LITERATURE  REVIEW 

As  pointed  out  by  Morton  ( 1977 ),  dredging  and  the 
disposal  of  dredged  material  is  basically  a  process  of 
artifically  induced  sediment  erosion,  transport,  and 
deposition.  The  process  differs  from  a  natural  one  in 
being  much  more  concentrated  in  time  and  space. 
The  physicochemical  effects  of  dredging  vary  from 
ephemeral  and  insignificant  to  permanent  and  signi- 
ficant and  can  be  summarized  briefly  as  follows:  ( 1 ) 
changes  in  water  quality;  (2)  increased  turbidity  and 
sedimentation;  (3)  physical  removal  of  organisms;  (4) 
physical  changes  in  habitat;  (5)  increased  saltwater 
intrusion;  (6)  alteration  of  hydrographical  regimes; 
and  (7)  secondary  effects.  Channels  also  require 
periodic  maintenance  dredging,  thereby  resulting  in 
greater  environmental  changes. 

WATER  QUALITY 

Several  factors  associated  with  dredging  affect  wa- 
ter quality  (Keeley  and  Engler  1974,  Morton  1977). 
First,  undisturbed  estuarine  sediments  typically  ex- 
hibit a  gradient  from  oxidized  surface  layers  to  in- 
creasingly reduced  sediments  in  the  deeper  layers. 
Consequently,  deeper,  reduced  sediments  create  an 
oxygen  demand  when  they  are  oxidized  after  expo- 
sure to  the  overlying  aerobic  water  column.  Second, 
chemical  constituents  associated  with  surface  sedi- 
ments are  in  dynamic  equilibrium  with  the  overlying 
water,  whereas  those  associated  with  deeper  sedi- 
ments are  not.  Thus,  as  deeper  sediments  are  mixed 
with  water  during  dredging  and  disposal,  the  poten- 
tial for  remobilization  of  their  chemical  constituents 
increases.  Finally,  in  areas  of  pollution,  the  dredging 
of  contaminated  sediments  may  result  in  the  redis- 
tribution and  remobilization  of  toxicants  absorbed  to 
the  sediments.  It  follows  that  the  principal  changes 
in  water  quality  brought  about  by  dredging  may  in- 
clude: (a)  an  increase  in  total  suspended  solids;  (b)  an 
increase  in  oxygen  demand  and  a  reduction  in  dis- 
solved oxygen  in  some  cases;  and  (c)  a  release  of 
toxicants,  if  present. 

Changes  in  water  quality  that  occur  during  dredg- 
ing and  spoil  disposal  have  no  simple  direct  rela- 
tionship to  the  bulk  chemical  properties  of  the  sedi- 


ments to  be  dredged  (Boyd  et  al.  1972,  Keeley  and 
Engler  1974,  Lee  and  Plumb  1974,  Windom  1972). 
The  mobility  and  relative  biological  availability  of 
the  chemical  constituents  of  the  dredge  spoils  are  not 
only  a  function  of  their  chemical  form  but  also  of  their 
location  within  the  sediments  (Keeley  and  Engler 
1974).  Chemicals  in  dredge  spoil  may  be:  dissolved  or 
disassociated  in  the  sediment  interstitial  water; 
absorbed  (ionically  bound)  to  charged  mineral  and 
organic  surfaces;  oxides,  hydroxides,  and  hydrous  ox- 
ides of  manganese  and  iron  that  exist  as  particulate 
coatings  or  discrete  particles;  associated  with  or  an 
integral  part  of  the  sediment  organic  fraction;  and 
the  residual  phase. 

Total  Suspended  Solids 

Nutrient  concentrations  in  soft,  fine  organic  sedi- 
ments are  usually  much  higher  than  those  in  the 
overlying  water.  Numerous  authors  have  referred  to 
possible  nutrient  release  occurring  as  a  result  of 
dredging  (Biggs  1968,  Sherk  1972,  Sherk  and  Cronin 
1970).  Biggs  (1968)  examined  water  samples  near  a 
dredge  and  found  total  phosphorus  and  nitrogen  to  be 
1,000  and  60  times  ambient  concentrations,  respec- 
tively. Fazio  (1969),  Hair  (1968),  and  Flemer  (1970) 
all  found  significant  increases  of  particulate  phos- 
phates and  silicates  during  dredging.  However,  the 
area  of  increased  nutrient  concentration  probably 
did  not  exceed  the  area  of  increased  turbidity. 

Other  investigators  have  found  negligible  effects 
of  dredging  on  water  quality.  Windom  (1972)  con- 
cluded that  in  natural  and  relatively  unpolluted 
areas  there  were  no  significant  effects  on  water  qual- 
ity whether  diked  or  undiked  confinement  techni- 
ques were  used.  One  author  (Engler  1976)  even  con- 
cluded that  the  primary  impact  of  turbidity  is  of  an 
aesthetic  nature  and  should  be  controlled  and  treated 
as  such.  After  studying  effects  on  water  quality  dur- 
ing the  dredging  of  a  polluted  harbor  using  confined 
spoil  disposal.  May  (1974)  stated  that  much  of  the 
recent  concern  over  water  quality  degredation  from 
dredging  has  been  misdirected  and  that  during  selec- 
tion of  spoil  sites  and  regulation  of  dredging,  more 
emphasis  should  be  given  to  resultant  physical  al- 
terations rather  than  to  the  direct  change  in  water 
quality. 

The  most  obvious  effect  of  dredge-associated  nut- 
rient enrichment  is  increased  primary  productivity. 
However,  the  influence  of  nutrient  release  may  be 
initially  masked  by  an  immediate  decline  in  primary 
productivity  associated  with  reduced-light  penetra- 
tion. In  one  Gulf  Coast  estuary,  shading  produced  by 
dredging  temporarily  reduced  productivity  in  turtle 
grass  beds,  but  after  dredging  ceased,  levels  returned 
to  normal  and,  in  some  instances,  exceeded  pre- 
dredging  levels  (Odum  and  Wilson  1962).  Mackin 
(1961)  and  Copeland  and  Dickens  (1969)  also  found 
post-dredging  productivity  to  be  exceptionally  high. 

A  sudden  release  of  previously  entrapped  nut- 
rients may  have  other  beneficial  effects  (Biggs  1968, 
Gunter  1969).  Nutrients  are  added  or  removed  from 
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the  water  column  by  absorption  to  fine  grained  parti- 
cles (Simon  and  Dyer  1972).  Bacteria  are  also 
absorbed  to  these  suspended  particles,  where  they 
produce  and  carry  vitamins  important  in  the  nutri- 
tion of  the  sea  (Burkholder  and  Burkholder  1956). 
For  example,  Vitamin  B  ,,  known  to  be  important  in 
the  development  of  certain  larval  species,  may  be 
correlated  with  concentrations  of  suspended  particu- 
late material.  Furthermore,  the  flocculation  and 
aggregation  of  suspended  particles  entrap  microsco- 
pic organisms  and  carry  them  to  the  bottom,  where 
they  may  serve  as  a  food  source  for  benethic  inverte- 
brates (Brehmer  1965). 

The  presence  of  dissolved  organic  compounds  liber- 
ated by  dredging  processes  may  also  have  beneficial 
effects.  Stephens  and  Schinshke  (1961)  found  that 
glucose,  glycene,  and  asparatic  acid  serve  as  energy 
sources  for  marine  invertebrates.  Organic  com- 
pounds may  promote  growth  by  solubilizing  trace 
metals,  thus  making  them  biologically  available 
(Johnston  1964).  Organic  matter,  in  some  cases, 
supply  a  growth  factor  such  as  Vitamin  B^  (Kaplan 
et  al.  1974). 

In  some  situations,  nutrient  enrichment  associ- 
ated with  dredging  may  be  detrimental.  In  one  Flor- 
ida estuary,  excessive  nutrient  enrichment  as  a  re- 
sult of  dredging  ultimately  led  to  euthrophication 
(Livingston  et  al.  1972).  Plankton  blooms  following 
dredging  are  apparently  related  to  the  disprop- 
ortionally  high  release  of  nitrogen  as  compared  to 
phosphorus  during  dredging  operations  (Sherk 
1971).  May's  (1973b)  conclusion  differed  from  the 
above  authors;  he  felt  that  increased  productivity 
following  dredging  may  be  caused  in  part  by  in- 
creased bacterial  activity  in  response  to  aeration  of 
the  sediment  rather  than  by  a  direct  nutrient  release. 
Another  problem  that  could  result  from  nutrient 
overenrichment  is  alteration  of  species  composition 
of  plant  communities  (Morton  1977).  Such  conditions 
are  favorable  to  blue-green  algae,  thereby  eliminat- 
ing the  resident  diatom  population.  Resident  zoo- 
plankton  and  oysters  may  be  harmed  because  they 
are  unable  to  use  the  blue-green  algae  as  food  (Gross 
1972). 

Oxygen  Demand  and  Dissolved  Oxygen 

Dredging  of  sediments  may  result  in  the  release  of 
organic  and  inorganic  materials  that  can  create  an 
oxygen  demand  in  the  water  at  the  dredging  and 
disposal  sites  (Slotta  and  Williamson  1974).  In  addi- 
tion, dredging  operations  may  expose  benthic  de- 
posits of  high  oxygen  demand  that  had  been  pre- 
viously covered  with  relatively  clean  materials. 
Isaac  (1965)  pointed  out  that  the  oxygen  demand  of 
suspended  sediments  may  be  as  great  as  80  times 
that  of  undisturbed  bottom  deposits.  Slotta  and  Wil- 
liamson (1974)  reported  that  the  majority  of  the  de- 
mand from  resuspended  sediments  was  chemical  in 
nature,  not  biochemical.  The  most  probable  com- 
pounds involved  are  various  iron  sulfides,  which  may 
be  rapidly  oxidized. 


Odum  (1970)  pointed  out  that  many  unpolluted 
estuaries  naturally  fall  well  below  the  minimal 
acceptable  standard  of  4.0  mg/1  of  oxygen  established 
for  polluted  estuaries  by  the  National  Technical 
Committee  in  its  1968  report  to  the  Secretary  of  the 
Interior  on  water  quality  criteria.  Any  process  which 
resuspends  oxidizable  sediment  particles  in  the  wa- 
ter column  is  capable  of  reducing  the  oxygen  concen- 
tration of  estuarine  water  to  a  level  unsuitable  for 
the  biota. 

Oxygen  depletion  in  the  proximity  of  dredging  op- 
erations is  a  common  phenomenon  (Sherk  1971  and 
1972).  Brown  and  Clark  (1968)  measured  dissolved 
oxygen  values  ranging  from  16  to  83%  below  normal 
in  the  vicinity  of  dredging  operations.  When  surface 
sediments  from  Wassaw  Sound,  Georgia,  were  sus- 
pended in  estuarine  water,  they  were  capable  of  re- 
moving 535  times  their  own  volume  of  oxygen  from 
the  water  (Frankenburg  and  Westerfield  1969). 
Frankenburg  (1968)  estimated  that  the  construction 
of  a  dike  0.9  m  high  and  3.7  m  wide  in  Georgia  salt 
marshes  would  liberate  enough  sediments  into  the 
water  to  remove  1,096  g  of  oxygen  per  m  of  dike 
constructed.  This  would  completely  remove  the  ox- 
ygen from  68.8  m^  of  water  having  a  dissolved  oxygen 
content  of  4.8  mg/1.  Low  levels  of  dissolved  oxygen 
associated  with  dredging  have  also  been  observed 
during  various  dredging  projects  by  other  investiga- 
tors (Biggs  1968,  Crance  1971,  U.S.  Army  Corps  of 
Engineers  1967). 

The  area  susceptible  to  dredging-associated  ox- 
ygen depletion  may  be  considerable.  In  Chesapeake 
Bay,  Biggs  (1968)  found  abnormally  low  surface  dis- 
solved oxygen  levels  up  to  183  m  from  a  dredge  dis- 
charge, whereas  in  Mobile  Bay,  Griffith  (1973)  mea- 
sured low  bottom  dissolved  oxygen  values  up  to  457 
m  from  the  dredging  site.  Hellier  and  Kornicker 
(1962)  recorded  eff'ects  at  more  than  805  m  but  less 
than  1,610  m  from  dredging  operations.  This  effect  is 
usually  temporary;  dissolved  oxygen  concentrations 
generally  return  to  normal  after  dredging  ceases 
(U.S.  Army  Corps  of  Engineers  1974c).  Occasionally 
dissolved  oxygen  levels  did  not  change  significantly 
(May  1973b,  Shelton  1971)  and,  in  a  few  instances, 
they  increased  at  the  disposal  site  (Wakeman  1974, 
Windom  1973). 

Dredging  may  also  result  in  high  biological  oxygen 
demand  (B.O.D.)  levels.  The  B.O.D.  of  suspended 
sediments  may  be  as  great  as  eight  times  that  of 
undisturbed  bottom  deposits  (Isaac  1965).  As  sedi- 
ments settle,  organic  matter  is  carried  to  the  bottom 
and,  once  deposited,  may  form  decomposition  pro- 
ducts. Silts  and  clay  raised  by  dredging  tend  to 
accumulate  in  dredge  cuts  and  pockets  on  the  bottom 
outside  the  areas  of  operation. 

The  effects  of  dredging  and  spoil  disposal  on  local 
dissolved  oxygen  conditions  vary  considerably  (Isaac 
1965),  depending  upon  a  number  of  variables.  Low 
dissolved  oxygen  and  high  B.O.D.  values  resulting 
from  dredging  are  more  prevalent  when  sediments 
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contain  high  concentrations  of  organic  material, 
anaerobic  organisms,  and  hydrogen  or  ferric  sulfide 
compounds  (Simon  and  Dyer  1972).  Moreover,  the 
B.O.D.  will  be  higher  during  warmer  months  when 
the  temperature  is  high  and  dissolved  oxygen  is 
naturally  low  (Brown  and  Clark  1968).  Other  factors 
that  may  influence  dissolved  oxygen  levels  include 
the  stimulation  or  inhibition  of  primary  production, 
changes  in  the  physical  arrangements  of  the  sedi- 
ment (deposited  to  suspended),  redox  potential  of  the 
sediment,  handling  of  sediments  during  dredging 
and  disposal,  and  degree  of  flushing  that  occurs  at  the 
dredge  and  disposal  sites  (Morton  1977).  Oxygen  de- 
fecits  are  generally  attributed  to  resuspended  sedi- 
ments and  reduced  light  penetration  and  photo- 
synthetic  activity  (Brown  and  Clark  1968).  Windon 
(1973),  however,  postulated  that  ammonia  released 
from  resuspended  sediments  stimulated  photosynth- 
esis and  oxygen  production  at  his  study  site.  In  Che- 
sapeake Bay,  little  or  no  dissolved  oxygen  sag  occur- 
red at  the  dredge  site,  despite  the  presence  of  soft, 
organically  rich  sediments,  because  of  the  low  redox 
(oxidation-reduction)  potential.  Wakeman  (1974) 
suggested  that  the  amount  of  aeration  of  dredge  sedi- 
ments influence  the  degree  of  oxygen  depletion.  Ox- 
ygen demand  of  spoil  was  reported  to  be  of  little 
consequence  in  areas  with  a  high  degree  of  flushing 
(Shelton  1971). 

In  disposal  areas  the  oxygen  demand  of  fine  sedi- 
ments may,  over  protracted  periods,  exert  strong 
pressure  on  the  benthic  fauna  (U.S.  Army  Corps  of 
Engineers  1974c).  An  impoverished  benthos  will 
likely  result  if  there  is  a  high  B.O.D.  associated  with 
soft,  organic  sediments  (Bader  1954,  McNulty  1966, 
McNulty  et  al.  1962,  Sherk  and  Cronin  1970).  San- 
ders (1958)  indicated  that  increased  oxygen  demand 
on  the  bottom  may  ultimately  limit  community  pro- 
ductivity. 

Toxic  Materials 

The  release  of  heavy  metals  and  toxic  hydrocar- 
bons from  polluted  sediments  during  dredging  has 
been  postulated  by  some  authors  (Frazier  1972,  Mun- 
son  and  Hugget  1972,  Sherk  1972)  and  EPA  has 
developed  specific  guidelines.  Many  of  the  heavy 
metals  are  non-degradable  and  remain  active  for 
long  periods  of  time  (Frazier  1972).  Additionally, 
those  contaminants  already  present  in  the  water  col- 
umn may  become  concentrated  by  adsorption  to  sus- 
pended particles  raised  by  dredging  (U.S.  Army 
Corps  of  Engineers  1974c).  Pearce  (1970)  studied  a 
spoil  deposition  area  of  the  New  York  Bight  known  as 
the  "dead  sea"  and  found  contamination  by  heavy 
metals,  pesticides,  and  petroleum  derivatives. 

The  concept  that  all  sediments  are  poisonous  and 
have  a  tremendous  capacity  to  degrade  water  quality 
when  dredged  cannot  be  considered  axiomatic  (May 
1974,  Windom  1972).  Dredging  of  polluted  sediments 
does  not  necessarily  degrade  water  quality  in 
estuarine  environments,  and  water  quality  impair- 
ment does  not  bear  a  simple  relationship  to  sediment 


composition.  Indeed,  Engler  (1976)  concluded  that 
leaching  of  toxic  heavy  metals  from  the  spoil  disposal 
mound  appears  no  greater  than  from  natural  sedi- 
ments of  similar  geologic  nature. 

The  chemical  impacts  of  the  dredge  spoils  on  the 
disposal  site  (i.e.,  changes  in  organic  load,  dissolved 
oxygen,  pH,  and  redox  potential)  have  a  significant 
impact  on  regulation  of  long-term  release  of  chemical 
contaminants  from  the  dredged  sediment  to  the  wa- 
ter (Morton  1977).  The  physiochemical  state  of  the 
contaminants  in  the  dredge  spoil  also  influences  the 
transfer  of  contaminants  to  the  overlaying  water 
(Lee  and  Plumb  1974). 

It  has  been  demonstrated  that  marsh  plants  can 
absorb  heavy  metals  from  polluted  dredge  material 
(Smith  1977).  Release  of  these  contaminants  into  the 
environment  is  possible  through  detrital  pathways 
or  through  direct  ingestion.  Zooplankton  in  spoil 
effluent  showed  increased  mortality,  depressed  re- 
spiration rates,  and  depressed  swimming  rates  when 
compared  to  controls  (DeCoursey  and  Vernberg 
1975).  These  effects  were  attributed  to  high  ammonia 
emanation  from  the  polluted  sediments.  Significant- 
ly higher  lead  and  manganese  concentrations  were 
found  in  Palaemonetes  pugio  collected  from  ponds 
inside  diked  spoil  disposal  areas  as  compared  to  those 
collected  from  natural  marsh  areas  (Drifmeyer  and 
Odum  1975). 

The  disposal  of  dredge  spoil  in  estuarine  waters  is 
presently  controlled  by  the  EPA  guidelines  termed 
"the  basic  seven"  (O'Neal  and  Sceva  1971).  Any  sedi- 
ments that  exceed  any  of  the  listed  concentrations 
are  termed  polluted  and  cannot  be  disposed  of  in 
estuarine  waters: 


Allowable  % 

Concentration 

Parameter 

(dry  wt.) 

Total  Volatile  Solids 

•6.00 

Chemical  Oxygen  De- 

5.00 

mand 

0.10 

Total  Kjeldahl  Nitrogen 

0.15 

Oil  -  Grease 

Various  contaminants  will  affect  organisms  dif- 
ferently, and  the  lethal  concentrations  vary  greatly 
( see  MeKee  and  Wolf  1971).  Even  though  initial  con- 
tact may  not  result  in  death,  organisms  are  capable  of 
concentrating  chemicals  until  toxic  levels  are 
reached;  toxicants  may  also  be  transmitted  to  other 
species  along  the  food  chain.  Non-lethal  concentra- 
tions may  reduce  the  reproductive  capabilities  of 
some  groups.  Finally,  toxicants  released  by  dredging 
may  exhibit  a  synergistic  effect  with  already  present 
stresses. 

TURBIDITY  AND  SEDIMENTATION 

During  dredging  operations,  bottom  sediments  are 
mechanically  disturbed  and  resuspended.  The  most 
obvious  physical  effects  are  discoloration  of  the  water 
and  reduced  light  penetration.  Larger,  heavier  parti- 
cles such  as  sand  and  clumps  of  mud  rapidly  settle  out 
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of  suspension;  however,  fine  silts  and  clays  remain 
suspended  for  longer  periods.  In  addition,  fine  parti- 
cles in  the  slurry  released  from  hoppers  remain  tem- 
porarily in  suspension  at  the  spoil  site. 

The  amount,  duration,  and  extent  of  turbidity  in- 
duced by  dredging  depends  on  several  factors  -  parti- 
cle size,  water,  wind  and  tidal  movements,  and 
volume  dredged.  As  sediments  become  smaller  in 
grain  size,  turbidity  becomes  more  pronounced  and  of 
longer  duration  (Sherk  1971).  The  area  influenced  by 
dredging  is  also  much  larger  when  working  in  fine 
sediments.  Wind  and  tide  influenced  water  move- 
ments may  also  spread  suspensoids  over  an  area 
many  times  the  size  of  the  actual  site  of  operation 
(U.S.  Army  Corps  of  Engineers  1974c). 

In  Mobile  Bay,  surface  turbidities  from  dredging 
operations  approached  normal  levels  within  365  to 
492  m  from  the  point  of  discharge  (Technical  Com- 
mittee 1973).  However,  visual  inspections  during 
wind  velocities  of  12  to  15  knots  revealed  that  the 
plume  retained  its  identity  for  a  distance  exceeding 
2,415  m.  Other  investigators  have  found  that  extent 
of  the  turbidity  ^lume  to  be  395  m  in  a  Louisiana  bay 
(Mackin  1961),  7.8  square  km  in  Hillsborough  Bay 
(Simon  and  Dyer  1972),  1,372  m  in  Tampa  and  Hill- 
sborough bays  (Taylor  1973),  and  1,610  m  in  the 
Indian  River  (Marshall  1968).  In  Coos  Bay,  Oregon, 
Stotta  et  al.  (1973)  recorded  turbidity  readings  of  80 
Jackson  Turbidity  Units  (JTU)  immediately  before 
dredging  and  more  than  400  JTU  in  the  wake  of  the 
operating  dredge. 

Several  other  researchers,  however,  have  stated 
that  although  ambient  surface  turbidity  levels  may 
be  exceeded  by  dredge-induced  turbidity  over  a  large 
area,  natural  levels  produced  by  freshets  and  moder- 
ate winds  are  not  exceeded  beyond  approximately  60 
m  from  the  discharge  (Gunter  1969,  May  1973b,  St. 
Amant  1972).  Moreover,  turbidity  associated  with 
dredging  operations  is  generally  considered  to  be 
temporary,  and  the  plume  usually  dissipates  within 
a  few  hours  after  dredging  ceases.  The  rate  of  settling 
of  suspended  materials  in  marine  waters  is  depen- 
dent on  salinity  (McCoy  and  Johnson  1964).  In  water 
of  at  least  6  ppt  salinity,  normal  turbidity  levels  are 
achieved  within  72  hours  after  sediment  desposition. 
However,  these  fine  suspensoids  are  easily  resus- 
pended  by  abnormally  strong  currents  or  moderate- 
to-heavy  wind  action  (Cronin  1970,  Gustafson  1972, 
McCoy  and  Johnson  1964). 

Sedimentation  resulting  from  dredging  occurs  as  a 
result  of  direct  precipitation  of  suspended  particles, 
by  the  formation  of  mud  flows,  and  by  erosion  of  the 
spoil  bank.  The  total  area  subjected  to  sedimentation 
by  each  mechanism  is  different. 

May  ( 1973b)  found  significant  sedimentation  attri- 
butable to  precipitation  to  extend  only  about  60  m 
fi-om  a  dredge.  Ninety  percent  of  the  materials  sus- 
pended by  dredging  fall  out  immediately  under  the 
discharge,  and  96%  within  61  m  (Technical  Commit- 
tee 1973). 


Mud  flows  are  formed  only  under  certain  condi- 
tions: the  water  must  be  saline  or  brackish;  the 
dredge  wash  must  contain  80%  silts  and  clays,  with 
at  least  50%  in  the  clay  range;  and  concentrations  of 
suspended  sediments  must  exceed  10,000  mg/1 
(Masch  and  Epsey  1967,  May  1973b).  Mud  flows  are 
created  when  dredge  sediments  flocculate  and  pre- 
cipitate until  layers  of  semi-liquid  mud  are  formed  on 
the  bottom  (May  1973b).  Mud  flow  movements  are 
controlled  largely  by  gravity.  Consequently,  mud 
flows  are  capable  of  moving  in  directions  other  than 
those  indicated  by  currents  and  may  extend  365  to 
490  m  away  from  dredges;  however,  these  distances 
may  vary  widely  depending  on  the  size  and  kind  of 
particles  being  pumped  as  well  as  to  wind  and  tidal 
forces  (May  1973b).  Thickness  may  range  from  2.5  to 
8.0  cm,  depending  on  the  distance  away  from  the 
dredge. 

Several  studies  have  been  conducted  on  the  erosion 
of  sediments  and  their  transport  away  from  uncon- 
fined  spoil  disposal  sites.  Oertel  (1975)  observed  that 
during  a  3-month  period,  a  single  mound  off  the 
mouth  of  the  Savannah  River,  containing  more  than 
1  million  m'  of  sediment,  moved  south  0.5  km.  Hellier 
and  Kornicker  (1962)  reported  sediment  deposition 
2.4  km  from  the  spoil  site.  In  upper  Chesapeake  Bay, 
a  3-m  blanket  of  spoil  covered  an  area  at  least  five 
times  that  of  the  defined  disposal  site,  and  about  12% 
of  the  deposited  sediment  had  left  the  disposal  site 
after  150  days  (Biggs  1968).  Six  months  after  dispos- 
al in  Galveston  Bay,  the  spoil  covered  an  area  three 
times  larger  than  the  original  spoil  area  (Bassi  and 
Basco  1974).  Although  these  investigations  showed 
that  erosion  and  transport  of  dredged  materials 
occur,  the  data  provided  do  not  permit  generalization 
to  other  situations  (Morton  1977).  Wind-generated 
waves  appear  to  be  the  principal  eroding  agent  caus- 
ing resuspension  of  deposited  sediments,  and  tidal 
currents  are  generally  responsible  for  lateral  trans- 
port of  resuspended  sediments  (Kaplan  et  al.  1974, 
Sailaetal.  1972,  Einstein  and  Krone  1961,  Gordon  et 
al.  1972,  Ecker  and  Sustar  1972,  Basco  et  al.  1974). 
Other  variables  affecting  the  stability  of  sediments 
at  the  spoil  mound  include:  grain  size  of  the  sedi- 
ments; degree  of  consolidation  of  the  sediments;  de- 
gree to  which  dumped  materials  penetrate  and  mix 
with  existing  bottom  materials;  biogenic  reworking 
of  the  sediments  by  benthic  organisms;  and  chronic 
exposure  to  turbulence  created  by  propellers  of  ships 
(Basco  et  al.  1974,  Saila  et  al.  1972,  Slotta  et  al. 
1974). 

There  is  considerable  controversy  concerning  the 
effects  of  dredging  on  turbidity  and  the  resulting 
sedimentation.  Several  investigators  have  pointed 
out  that  the  general  nature  of  Gulf  Coast  estuaries  is 
such  that  turbidity  is  constantly  present,  and  in- 
creases in  levels  of  suspended  particles  are  accept- 
able (Gunter  1969,  St.  Amant  1972).  They  suggested 
that  differences  in  turbidity  caused  by  dredging  and 
that  caused  by  strong  wind  conditions  cannot  be  de- 
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tected.  This  thesis  is  supported  by  McCoy  and  John- 
son (1964),  who  found  water  of  at  least  6  ppt  salinity 
will  not  maintain  turbidity  greater  than  that  already 
in  suspension  by  natural  means.  Masch  and  Epsey 
(1967)  obtained  similar  results  in  Galveston  Bay, 
Texas. 

Other  workers,  however,  believe  that  any  increase 
in  turbidity  associated  with  dredging  will  affect  the 
aquatic  ecosystem  (see  following  section).  Moreover, 
Kaplan  et  al.  (1974)  concluded  that  studies  of  large 
embayments  tend  to  de-emphasize  dredging  effects 
because  of  dissipation  of  the  products  and  dilution 
factors;  the  effects  of  dredging  appear  to  be  attenu- 
ated as  the  size  of  embayment  decreases. 

The  following  section  is  a  review  of  the  literature 
on  the  effects  of  turbidity  and  sedimentation  on  aqua- 
tic vegetation,  phytoplankton,  zooplankton,  benthos, 
and  fish  and  motile  invertebrates. 

Aquatic  Vegetation 

The  adverse  effects  of  turbidity  and  the  resultant 
sedimentation  on  seagrasses  in  the  estuary  have 
been  documented  by  Phillips  (1960)  and  Taylor  and 
Saloman  ( 1968).  The  impact  of  dredge  spoil  alters  the 
basic  productivity  of  the  system,  resulting  in  far 
reaching  effects  (Copeland  1970). 

Kaplan  et  al.  (1974)  observed  colonies  of  Ruppia, 
Enteromorpha,  and  Aghardiella  after  dredging  and 
found  the  leaves  covered  by  a  light  brown,  opaque, 
flocculent  material.  The  deposition  of  such  material 
in  areas  of  negligible  current  might  inhibit  photo- 
synthetic  activity  even  though  the  turbidity  of  the 
overlying  water  is  not  high  enough  to  reduce  light 
penetration. 

Thalassia  beds  in  Redfish  Bay,  Texas,  not  located 
in  the  direct  path  of  a  dredge,  recovered  after  one 
year,  except  for  an  area  covered  with  30  mm  of  soft 
sih  (Odum  1963).  Godcharles  (1971)  concluded  that 
the  re-establishment  of  seagrasses  in  dredged  areas 
was  remarkably  slow. 

Phytoplankton 

One  effect  of  dredge  induced  turbidity  in  estuaries 
is  a  reduction  in  the  euphotic  zone  and  a  possible 
decrease  in  photosynthesis  by  phytoplankton  (Fazio 
1969,  Sherk  and  Cronin  1970).  Suspended  sediments 
can  also  physically  trap  phytoplankton  as  they 
flocculate  and  carry  them  to  the  bottom  (Brehmer 
1965,  Dill  1944,  Starret  and  Patrick  1952)  or  mecha- 
nically destroy  the  cells  (Hynes  1970). 

Laboratory  experiments  conducted  by  Sherk  et  al. 
(1974)  showed  a  50-90%  reduction  in  carbon  assi- 
milation by  four  species  of  phytoplankton  as  light 
was  attentuated  by  increasing  suspended  concentra- 
tions of  fine,  "inert"  silicon  dioxide.  In  the  field, 
however,  drastic  reduction  in  primary  production 
caused  by  dredging  are  not  always  observed.  In  Che- 
sapeake Bay,  reduced  transparency  in  the  spoil  zone 
lowered  phytoplankton  production  to  about  one-third 
of  the  values  obtained  just  outside  the  spoil  zone 
(Flemer  et  al.  1968);  however,  this  effect  was  local- 


ized and  of  short  duration.  Copeland  and  Dickens 
(1969)  reported  that  in  Maryland,  Texas  and  South 
Carolina,  there  was  an  initial  decrease  of  phyto- 
plankton production  because  of  shading  and  then  a 
later  enhancement  because  of  resuspension  of  nut- 
rients from  dredge  spoil.  Ingle  (1952)  found  limited 
reductions  in  primary  productivity  in  an  area  0.3  km 
from  dredge  channels  in  water  deeper  than  1.0  m. 
Odum  and  Wilson  (1962),  Kaplan  et  al.  (1974)  and 
Taylor  and  Salomon  (1968)  observed  no  significant 
changes  in  primary  productivity  during  dredging  op- 
erations. They  concluded  that  reduced  photosynth- 
esis caused  by  impaired  light  penetration  resulting 
from  resuspended  sediments  is  offset  by  the  stimula- 
tion of  nutrient  uptake. 

Zooplankton 

Several  pecularities  of  zooplankton  population 
dynamics  and  ecology  may  obscure  the  effects  of 
dredging  on  zooplankton  (Sullivan  and  Hancock 
1977).  First,  a  point  source  disturbance  that  influ- 
ences a  discrete  area  will  be  encountered  only  briefly 
by  a  moving  population.  Second,  it  is  not  currently 
possible  to  estimate  accurately  the  size  and  composi- 
tion of  zooplankton  populations.  Negative  results 
should  be  critically  interpreted  and,  more  important- 
ly, suggest  that  in  many  studies,  population  monitor- 
ing is  not  very  meaningful.  Reports  of  dredging  stu- 
dies that  include  zooplankton  field  surveys  tend  to 
confirm  these  conclusions. 

Several  studies  have  suggested  that  suspended 
particles  raised  by  dredging  have  no  deleterious 
effects  on  the  diversity  or  abundance  of  estuarine 
zooplankton,  fish  eggs,  and  fish  larvae  (Dovel  1970, 
Goodwyn  1970).  Flemer  et  al.  (1968)  observed  no 
gross  effects  on  the  zooplankton  from  spoil  disposal 
but  cautioned  that  zooplankton  may  show  effects 
under  more  precisely  controlled  conditions. 

Other  investigators,  however,  have  indicated  that 
the  periodic  resuspension  of  silts  and  clays  may 
adversely  affect  the  general  metabolism  of  holo- 
plankton,  and  both  metabolism  and  metamorphosis 
of  fish  eggs,  fish  larvae,  and  other  meroplankton 
(Livingston  et  al.  1972,  Sherk  1971  and  1972).  In- 
creased turbidity  may  affect  zooplankton  in  several 
ways.  There  is  some  evidence  that  suspended  sedi- 
ments may  adhere  to  and  floculate  on  zooplankton, 
causing  cellular  damage  or  abnormal  settling  rates 
to  the  bottom  (Simon  and  Dyer  1972,  Sullivan  and 
Hancock  1977).  Second,  silt  has  been  found  to  inter- 
fere with  feeding  and  respiration  (Chutter  1969,  Sul- 
livan and  Hancock  1977).  Sedimentation  can  also 
result  in  the  formation  of  thin  layers  of  silt  and  clay 
on  oyster  reefs,  which  could  inhibit  spat  attachment 
(Emery  and  Stevenson  1957).  Silt  loads  produced  by 
shell  dredging  in  Hillsbourgh  Bay  were  extensive 
enough  to  kill  between  5  and  20%  of  oyster  larvae  in 
the  vicinity  of  operations  (Simon  and  Dyer  1972). 

The  level  of  turbidity  necessary  to  adversely  affect 
zooplankton  varies  greatly.  Turbidities  in  excess  of 
50  JTU  become  increasingly  harmful  to  some  bivalve 
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larvae  (Davis  and  Hidu  1969).  Early  stages  of  the 
oyster  tend  to  be  more  sensitive  to  lower  concentra- 
tions of  suspended  materials  than  adults;  a  signifi- 
cant decrease  in  survival  and  growth  of  oyster  eggs 
and  larvae  has  been  demonstrated  at  suspended 
particle  concentrations  as  low  as  125  mg/1  (Loosanoff 
1961).  Silt  concentrations  in  excess  of  3  g/1  have  been 
shown  to  retard  larval  growth  of  clams,  although 
mortality  seldom  results  at  those  concentrations 
(Davis  1960). 

Any  reduction  in  zooplankton  populations  is  tem- 
porary, and  normal  abundance  is  re-established  after 
the  dredge  passes  through  the  area  (U.S.  Army  Corps 
of  Engineers  1974c). 

Benthos 

The  benthic  community  is  commonly  monitored  in 
dredging  evaluation  studies  because  of  the  benthos' 
(1)  intimate  contact  with  the  dredged  sediments;  (2) 
utility  as  indicator  organisms;  (3)  crucial  link  in  the 
detritus-based  food  chain;  and  (4)  importance  as  com- 
mercial fishery  resources  (Morton  1977). 

It  can  be  assumed  that  a  substantial  reduction  in 
benthic  forms  will  occur  in  portions  of  the  dredging 
site  (U.S.  Army  Corps  of  Engineers  1974c).  The  mag- 
nitude of  benthic  loss  is  determined  by  such  factors  as 
the  nature  and  quality  of  suspended  sediments,  the 
amount  of  overburden  to  the  dredged,  bottom 
topography,  the  hydrography  of  the  system  and  the 
method  of  the  dredging  (Masch  and  Epsey  1967,  May 
1973b). 

Dredging  may  adversely  affect  estuarine  benthic 
populations  by  (1)  smothering  them  by  sediment  de- 
position and  by  mud  flows;  (2)  subjecting  them  to 
sublethal  effects  of  turbidity  at  distances  where 
direct  suffocation  is  insignificant;  and  (3)  changing 
the  texture  of  the  sediment. 

Direct  burial  by  spoil  is  the  most  obvious  effect  of 
dredging  on  benthic  organisms  (Morton  1977).  In 
general,  when  sediments  are  anoxic,  smaller  animals 
are  even  more  vulnerable  because  they  are  unable  to 
reach  the  surface  before  they  suff'ocate.  Some  bivalve 
mollusks,  however,  can  incur  an  oxygen  debt,  and 
certain  polychaetes  can  reduce  their  activity  and 
metabolism  when  oxygen  levels  are  low;  both 
mechanisms  provide  a  longer  time  for  escape  (Nicol 
1967).  According  to  Saila  et  al.  (1972),  certain 
bivalve  genera  can  move  horizontally  and  would  be 
expected  to  escape  from  shallow  spoils  deposited 
upon  them. 

■  Most  suspended  larger  particles  settle  out  within 
relatively  short  distances  from  the  dredging  site,  and 
the  effects  on  the  benthic  environment  are  most  pro- 
nounced in  these  areas.  In  upper  Tampa  Bay,  approx- 
imately 50%  of  the  benthic  organisms  within  46  m  of 
dredge  cuts  were  suffocated  by  sedimentation 
(Taylor  1972).  Taylor  further  estimated  that  during  a 
normal  working  day,  between  2.5  and  3.0  million 
organisms  were  suffocated. 

Various  distances  have  been  proposed  as  limits  of 
safety  for  benthic  communities  adjacent  to  dredging 


operations.  St.  Amant(1972)  and  Wilson  (1950)  have 
reported  that  benthos  within  275  m  from  a  dredge  are 
subject  to  covering,  whereas  Engle  (1952)  recom- 
mended a  365  m  safety  margin  for  oyster  reefs.  Rose 
(1973)  found  the  average  mortality  of  oysters  within 
595  m  of  a  spoil  area  was  57%,  as  compared  to  an 
average  mortality  of  17%  at  greater  distances.  Sta- 
tions 500  m  away  from  dredging  activity  in  Goose 
Creek,  New  York,  showed  reductions  in  benthic 
populations  (Kaplan  et  al.  1974).  Taylor  (1972)  con- 
cluded that  dredging  of  soft  sediments  may  result  in 
the  destruction  of  benthos  at  greater  distances. 

The  above  limits  may  serve  as  rules  of  thumb  in  the 
particular  estuaries  for  which  they  were  derived; 
however,  it  may  be  premature  to  indiscriminately 
extrapolate  the  results  of  these  investigations  to 
other  areas.  Rose  (1973)  concluded  that  damage  to 
oyster  populations  near  dredging  sites  is  a  function  of 
such  factors  as  presence  or  absence  of  toxicant  mate- 
rials, hydrographic  conditions,  oyster  size,  cultch 
size,  and  time  of  year.  Kaplan  et  al.  ( 1974)  noted  that 
the  effects  of  turbidity  and  sedimentation  on  mac- 
roivertebrates  is  more  pronounced  in  smaller  embay- 
ments  where  the  ratio  of  dredged  areas  to  total  bot- 
tom area  is  large. 

The  effects  of  turbidity  levels  beyond  the  critical 
zone  of  direct  burial  is  also  important.  There  is, 
however,  little  information  on  these  residual  effects 
beyond  the  immediate  channel  and/or  spoil  areas. 
Sublethal  concentrations  of  suspended  sediments 
during  dredging  and  disposal  may  affect  filter  feed- 
ing organisms  by  altering  rate  of  water  transport, 
filtering  efficiency,  and  energy  need  for  maintenance 
(Sherk  1971).  Specific  physiological  disorders 
observed  in  filter  feeders  exposed  to  heavy  suspended 
sediment  loads  include:  abrasion  of  gill  filaments, 
clogging  of  gills,  impaired  respiration,  impaired  feed- 
ing and  excretory  functions,  reduced  pumping  rates, 
retarded  egg  development,  and  reduced  growth  and 
survival  of  the  young  (Cairns  1968,  Davis  1960,  Gor- 
don et  al.  1972,  Loosanoff  1961,  Loosanoff  and  Tom- 
mers  1948,  Smith  and  Brown  1971,  Yonge  1953). 
Kaplan  et  al.  (1974)  partly  attributed  an  overall  re- 
duction in  benthic  productivity  in  Goose  Creek  to 
subtle,  residual  effects  far  removed  from  dredging 
activities. 

Textural  changes  in  sediments  occuring  as  a  result 
of  sedimentation  may  also  alter  benthic  communi- 
ties. Barnard  and  Reisch  (1959)  cautioned  that 
dredging  in  Newport  Bay  would  eliminate  shell  frag- 
ments from  the  bottom,  leaving  behind  muddy  sand 
and  possible  rendering  the  habitat  no  longer  suitable 
for  the  amphipod  Metaceradocus  occidentalis  and  the 
polychaete  Scyphoproctus  oculatus.  Thorson  (1957) 
and  others  have  demonstrated  that  larvae  of  many 
benthic  forms  are  sensitive  to  sediment  characteris- 
tics and  will  not  metamorphose  from  a  planktonic 
stage  until  contact  is  made  with  a  suitable  bottom.  If 
a  sediment  change  occurs  as  a  result  of  dredging,  it 
will  generally  be  from  coarser  to  finer  (U.S.  Army 
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Corps  of  Engineers  1974c).  Fine-grained  sediments 
support  large  populations  of  deposit  feeders,  whereas 
coarser  sediments  are  more  favorable  to  filter  feeders 
(McNulty  et  al.  1962,  Sanders  1958,  Simon  and  Dyer 
1972).  The  existence  of  soft  sediments  does  not  neces- 
sarily preclude  the  presence  of  a  diverse  and  abun- 
dant bottom  fuana  (Barnard  and  Hartman  1959, 
Sanders  1960),  but  where  sediments  are  highly  orga- 
nic, deposition  rapid,  and  dissolved  oxygen  low,  the 
benthos  are  likely  to  be  impoverished  (Bader  1954, 
McNulty  1966,  McNulty  et  al.  1962,  Pratt  1953, 
Reisch  1959).  In  dredge  cuts,  such  sediments  could 
prevent  the  re-establishment  of  large  benthic 
populations  (Sykes  and  Hall  1970,  Sherk  and  Cronin 
1970,  Taylor  1972,  Taylor  et  al.  1970,  Taylor  and 
Saloman  1968). 

As  indicated  previously,  changes  in  the  texture  of 
sediments  associated  with  dredging  do  not  necessari- 
ly occur.  Pfitzenmeyer  ( 1970),  in  describing  effects  of 
dredging  and  spoil  disposal  in  Upper  Chesapeake 
Bay,  found  no  major  topographical  or  stratigraphical 
changes  because  the  spoil  was  identical  with  the  sub- 
stratum upon  which  it  was  deposited,  and  the  spoil 
spread  out  as  a  thin  layer. 

Some  researchers  concluded  that  the  destruction  of 
the  benthic  populations  by  dredging  is  transitory  and 
self-reparing  (Cronin  et  al.  1970,  Flemer  et  al.  1968, 
Gunter  1957  and  1969,  Harrison  1967,  May  1973b, 
St.  Amant  1972).  Redeposited  sediments  are  colo- 
nized by  a  new  invertebrate  fauna;  this  colonization 
is  accompanied  by  active  migration  and  hydrodyna- 
mic  distribution  of  juveniles  (Sherk  and  Cronin 
19701.  Re-population  generally  begins  within  a  few 
months  after  dredging  ceases,  although  a  complete 
return  to  normal  community  composition  usually 
does  not  occur  in  less  than  two  years,  and  in  areas 
that  are  affected  by  continuous  or  repeated  dredging, 
a  normal  biota  may  never  be  re-established  (May 
1973b,  Sherk  1971,  Taylor  1972).  As  previously  dis- 
cussed, changes  in  sediment  texture  may  also  pre- 
vent the  growth  of  benthic  communities  that  former- 
ly occupied  the  area  or  may  inhibit  formation  of  large 
benthic  populations.  For  example,  Castenholz  ( 1967) 
and  North  (1967)  estimated  that  re-establishment  of 
the  original  benthic  fauna  would  take  at  least  eight 
years  in  an  intertidal  zone  where  dredging  resulted 
in  sediment  changes.  The  substrate  may  remain  un- 
stable for  long  periods,  and  final  recolonization  can- 
not take  place  until  the  climax  is  reached.  As  discus- 
sed later,  impoverished  oxygen  levels  also  inhibit 
re-establishment  of  benthic  communities. 

Fish  and  Motile  Invertebrates 

The  direct  mortality  offish  and  other  motile  organ- 
isms because  of  dredge-induced  turbidity  and  silta- 
tion  is  insignificant;  however,  silt  may  have  other 
deleterious  effects,  such  as  interfering  with  repro- 
duction and  feeding,  inhibiting  growth,  and  chang- 
ing community  species  composition. 

Fish  subjected  to  extremely  high  concentrations  of 


suspended  solids  under  experimental  conditions 
have  died  from  suffocation  caused  by  clogging  of  the 
gills  and  opercular  cavities  (Ingle  et  al.  1955,  Sherk 
and  Cronin  1970,  Wallen  1951).  Whenever  gills  be- 
come clogged,  other  vital  functions  such  as  salt  ba- 
lance and  excretion  may  also  be  impaired  (Ellis 
1937).  Abrasion  by  suspended  solids  at  concentra- 
tions of  90  to  810  ppm  produced  gill  thickening  in 
laboratory  trout  and  led  Herbert  and  Merkens  ( 1961 ) 
to  suggest  that  such  abrasion  may  make  fish  more 
susceptible  to  environmental  stresses.  Flemer  et  al. 
(1968),  however,  placed  caged  fish  near  disposal  sites 
in  Chesapeake  Bay  and  found  no  evidence  of  gross 
damaging  effects. 

Suspended  materials  produced  by  dredges  operat- 
ing in  estuarine  systems  of  the  southeast  appear  to  be 
below  the  levels  necessary  to  cause  direct  mortality 
to  fishes  (Ingle  1952,  Manning  1957,  Simon  and  Dyer 
1972,  St.  Amant  1972).  Moreover,  large  motile 
organisms  have  the  ability  to  vacate  areas  of  exces- 
sive turbidities  and  apparently  show  avoidance  reac- 
tions to  such  areas  (Ingle  et  al.  1955,  U.S.  Army 
Corps  of  Engineers  1974c).  Some  fish  also  have  the 
ability  to  clear  gill  membranes  of  accumulated  silt 
upon  entering  undisturbed  water.  Of  course,  not  all 
species  are  equally  susceptible  to  suspended  solids, 
and  different  types  of  suspendoids  vary  in  their 
potential  for  harm.  For  instance,  fishes  may  not 
tolerate  high  turbidities  accompanied  by  acids,  alka- 
lies, or  other  substances  (May  1973b,  Huet  1965). 

Changes  in  species  composition,  population  struc- 
ture, and  standing  crop  of  motile  organisms  have 
been  observed  in  estuaries  subject  to  dredging.  Stick- 
ney  (1972)  found  some  faunal  changes  in  population 
structure  and  standing  crop  associated  with  dredging 
of  the  Intracoastal  Waterway  in  Georgia,  but  these 
effects  were  transient,  lasting  no  longer  than  one  or 
two  months  following  dredging.  Briggs  and  O'Conner 
(1971)  found  that  areas  subjected  to  spoil  disposal 
and  dredging  have  lower  diversity  of  fishes  than  res- 
tricted areas.  However,  no  gross  effects  of  shallow 
water  overboard  disposal  on  fishes  were  found  in 
upper  Chesapeake  Bay  (Ritchie  1970).  Sissenwine 
and  Saila  (1974)  found  no  evidence  of  deleterious 
effects  of  spoil  disposal  on  a  floating  trap  fishery  in 
Rhode  Island. 

No  changes  in  the  abundance  and  distribution  of 
fishes  associated  with  dredging  in  Chesapeake  Bay 
were  observed  by  Flemer  et  al.  (1965);  however,  they 
cautioned  that  it  is  difficult  to  assess  impacts  to 
dredging  on  fishes  because  of  their  complex  life  cy- 
cles. Thus  in  some  cases,  certain  adverse  effects  dur- 
ing critical  stages  or  periods  in  the  life  cycles  of 
motile  estuarine  organisms  may  be  overlooked.  For 
example,  spawning  requirements  of  anadromous 
fishes  such  as  striped  bass  and  American  shad  are 
quite  specific,  and  dredge-induced  sedimentation 
may  render  the  habitat  unsuitable  for  spawning. 
Dredge  projects  in  the  St.  Johns  River,  Florida,  at 
Lake  Harney  (William  and  Bruger  1972)  and  Deland 
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(Mansueti  and  Hardy  1953)  caused  American  shad  to 
relocate  their  spawning  grounds  about  32  km  up- 
stream. High  concentrations  of  total  dissolved  solids 
have  been  known  to  block  spawning  migi-ations  of 
striped  bass  in  San  Jaoquin  River,  California  (Radt- 
ke  and  Turner  1967).  Huet  (1965)  and  Mansueti 
(1961)  have  postulated  that  deposition  of  suspended 
sediments  may  interfere  with  or  prevent  reproduc- 
tion of  certain  species  because  of  egg  mortality. 
Laboratory  experiments  by  Bayliss  (1968)  support 
the  above  contention.  Bayliss  observed  higher  mean 
hatches  of  striped  bass  eggs  on  coarse  sand  (58.9%) 
than  on  silt-mud  (2%),  silt-clay-mud  (4%)  or  muck 
detritus  (0%). 

One  aspect  of  dredging  may  benefit  some  fishes 
and  invertebrates  on  a  local  basis.  Commercially  im- 
portant fish,  crabs,  and  shrimp  may  actually  be 
attracted  to  areas  of  dredging  to  feed  on  small  in- 
vertebrates that  are  uprooted  by  the  cutterhead 
(Chapman  1968,  Ingle  1952,  Mock  1966,  Sherk  1971 
and  1972,  Tarver  and  Dugas  1973,  Viosca  1958). 
However,  Demoran  ( 1966)  in  his  study  of  dredging  of 
Mississippi  Sound  found  that  fish  avoided  more  tur- 
bid areas  although  the  fish  were  not  harmed  by  in- 
creased sediment  concentrations.  Guillory  (1982) 
compared  fish  populations  adjacent  to  dredges  and  in 
areas  restricted  to  dredging  in  Lake  Pontchartrain, 
Louisiana.  Higher  catch  rates  and  lower  species  di- 
versity found  adjacent  to  dredges  suggested  that 
some  fish  may  be  locally  attracted  to  dredges  to  feed 
on  uprooted  organisms  and,  at  the  same  time,  en- 
vironmental conditions  associated  with  dredging 
may  stress  the  ichthyofaunal  community.  The  two 
stations  with  the  highest  catch  rates  were  60  to  80  m 
from  the  dredge  sites;  the  lowest  at  30  m.  and  in- 
termediate catches  at  the  outermost  stations.  Avoi- 
dance of  the  most  turbid  waters  at  the  station  nearest 
the  dredge,  attraction  to  briefly  suspended  benthos  at 
intermediate  distances  (60  to  90  m),  and  decrease  in 
fish  predation  upon  decimated  benthos  because  of 
their  rapid  dispersal  and  settling  out  at  greater  dis- 
tances probably  accounted  for  variation  in  catch 
rates  at  varying  distances  adjacent  the  dredge.  Har- 
per and  Hopkins  (1976)  compared  nektonic  fauna  in 
dredge  cuts  and  undredged  bottoms  in  San  Antonio 
Bay,  Texas.  They  found  that  biomass  was  usually 
higher  in  dredge  cuts  than  on  flats,  and  that  the  mud 
plume  from  a  dredge  did  not  appear  to  repel  nektonic 
species  and  may  enhance  their  numbers  by  providing 
protection  from  predators. 

PHYSICAL  REMOVAL  OF  ORGANISMS 

An  apparent  biological  impact  of  dredging  pertains 
to  the  removal  of  benthic  organisms  in  dredge  spoil. 
Mechanical  removal  significantly  affects  benthic 
populations  (Kaplan  et  al.  1974).  An  average  of  7,300 
benthic  organisms  per  square  m,  or  some  5  to  6  mil- 
lion organisms  during  an  average  dredging  day,  may 
be  destroyed  by  the  dredge  cutterhead  (U.S.  Army 
Corps  of  Engineers  1974c).  Slotta  and  Williamson 
(1974),  however,  noted  that  although  such  removal 


probably  does  result  in  large  kills,  the  impact  may 
not  be  significant  for  localized  dredging  operations. 

PHYSICAL  CHANGES  IN  HABITAT 

Physical  loss  of  habitat  is  probably  the  most  dis- 
rupting and  critical  influence  of  channelization  and 
dredging  in  the  estuarine  environment  (Chapman 
1968).  May  (1974)  concluded  that  more  emphasis 
should  be  given  to  physical  modifications  of  habitat 
rather  than  to  direct  influence  on  water  quality  by 
dredging.  Gross  measurements  by  the  U.S.  Fish  and 
Wildlife  Service  (1967)  revealed  that  dredging  and 
filling  operations  have  destroyed  more  than  81,000 
ha.  of  shallow  bay  nursery  areas  in  Gulf  and  South 
Atlantic  estuaries  over  the  previous  20  years.  A  sing- 
le project  in  Louisiana,  the  Mississippi  River-Gulf 
outlet  channel,  directly  destroyed  9,558  ha.  of  marsh 
and  shallow  water  nursery  areas  (Rounsefell  1964). 
Eighteen  thousand  ha.  of  tidal  marshes  were  des- 
troyed by  dredging  and  filling  operations  between 
Maine  and  Delaware  (Schmidt  1966). 

Physical  changes  in  estuaries  may  include  the 
creation  of  deep  channels  through  shallow  littoral 
areas,  changes  in  sediment  properties,  loss  of  aquatic 
vegetation,  and  creation  of  spoil  islands.  The  relative 
significance  of  these  effects  on  a  given  estuary  is  a 
function  of  the  ratio  of  the  dredged  area  to  total 
bottom  area  and  contained  water  volume  (Morton 
1977).  Other  important  factors  influencing  the 
physical  impact  of  dredging  and  spoil  disposal  are 
types  and  volumes  of  sediments  to  be  dredged,  fre- 
quency of  dredging,  climatic  conditions  during  and 
after  dredging,  dredging  and  disposal  methods  used, 
and  size  and  draft  of  the  dredging  vessel  (Slotta  et  al. 
1973). 

Creation  of  Channels 

The  creation  of  channels  can  have  significant  im- 
pacts on  fishery  resources.  They  may  destroy  produc- 
tive feeding  and  nursery  areas,  but,  assuming  other 
adverse  environmental  conditions  do  not  exist,  they 
may  also  locally  concentrate  fishes  during  winter 
and  provide  a  refuge  for  fishes  during  severe  winter 
storms. 

The  creation  of  deep  channels  through  shallow, 
littoral  areas  utilized  as  feeding  and  nursery  areas  by 
fishes  may  render  them  unsuitable  for  such  vital 
functions.  Such  losses  are  appalling  because  it  is 
nearly  impossible  to  replace  or  restore  those  areas 
that  have  been  destroyed  (Delisle  1966,  Ford  1960). 
However,  in  some  cases,  channel  construction  in  a 
shallow  bay  or  brackish  marsh  may  benefit  fishery 
resources,  even  though  some  habitat  may  be  des- 
troyed by  spoil  (Bellinger  1970,  Chapman  1968). 
Channels  may  connect  isolated  water  and  marsh 
areas  with  the  estuary  proper  to  enlarge  the  nursery 
area.  Dredging  the  Gulf  Intra-Coastal  Waterway 
across  64  km  of  marsh  between  Sabine  Lake  and 
Galveston  Bay,  Texas,  opened  thousands  of  acres  of 
nursery  habitat  to  estuarine  shrimp,  crabs,  and  fish 
(Chapman  1968). 
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The  suitability  of  dredged  channels  as  habitat  for 
aquatic  organisms  varies,  depending  on  water  quali- 
ty and  other  factors.  Fishes  were  less  abundant  in  the 
Mobile  Ship  Channel  than  in  other  areas  of  the  Bay, 
but  there  were  about  one-third  more  species  present 
in  the  channel  than  in  adjacent  areas  (Swingle  1971). 
A  greater  diversity  of  fish  species  was  found  outside 
dredged  channels  in  Tampa  Bay,  but  the  dredged 
channels  yielded  30%  more  fish  (Taylor  and  Saloman 
1968);  however,  no  demersal  fishes  were  collected  in 
the  dredged  channels,  perhaps  because  of  a  lack  of 
benthic  food  sources.  Swingle  and  Bland  (1974)  col- 
lected fewer  species  of  fish  and  fewer  individuals  in 
dredged  portions  than  in  unchannelized  sections  of  a 
tidal  river,  the  Middle  Deer  River;  they  also  found  no 
fish  within  the  canal  from  June  through  October 
when  bottom  waters  were  anaerobic  or  nearly  so. 
About  55%  of  the  holes  left  by  dredging  in  Maryland 
had  such  low  dissolved  oxygen  or  high  hydrogen  sul- 
fide concentrations  that  healthy  fish  populations 
could  not  be  sustained,  and  60%  of  the  dredge  holes 
contained  no  benthic  invertebrates  (Murawski 
1969).  Oxygen  depletion  in  semi-open  and  closed 
marsh  canals  in  Louisiana  is  a  recurrent  problem 
(Adkins  and  Bowman  1976).  Adkins  and  Bowman 
attributed  this  condition  to  large  amounts  of  organic 
material  that  had  accumulated  because  of  restricted 
water  flow  and  reflushing  rate.  They  also  noted  that 
other  hydrological  features  fluctuated  so  dramatical- 
ly that  healthy  populations  of  aquatic  organisms 
were  seldom  attained. 

Reisch  (1962),  Taylor  and  Saloman  (1968),  and 
Murawski  (1969)  also  attributed  impoverished 
benthic  communities  in  canals  to  reduced  oxygen 
levels.  However,  if  water  circulation  is  unrestricted, 
benthic  impoverishment  may  not  occur  (Reisch  1962, 
Hanks  1968).  Taylor  and  Saloman  (1968)  concluded 
that  dredged  channels  in  Boca  Ciega  Bay,  Florida 
were  unsuitable  for  most  invertebrates  found  in  the 
bay.  For  additional  information  on  dredged  channels 
as  aquatic  habitats,  see  the  section  on  benthos  under 
turbidity  and  sedimentation. 

Channels  may  concentrate  fish  during  cold  weath- 
er and  even  serve  as  refuges  in  some  situations.  Se- 
vere winter  storms  have  caused  massive  fish  kills  in 
the  northwestern  Gulf  of  Mexico  (Gunter  and  Hider- 
brand  1951)  and  along  the  western  Florida  Coast 
(Storey  and  Gudger  1936).  Tabb  ( 1958)  observed  mor- 
tality of  spotted  seatrout  when  temperatures  of  the 
shallower  waters  of  the  Indian  and  Banana  River 
lagoons  had  fallen  from  17-23°C  to  8°C  for  about  12 
hours.  The  susceptibility  of  estuarine  fishes  to  severe 
cold  is  caused  primarily  by  shallow  water  depths, 
which  facilitate  rapid  cooling  during  sudden  passage 
of  a  cold  front.  However,  deeper  water  in  channels 
chill  slower  and  thus  provide  fish  with  a  route  of 
escape  or  refuge.  In  Mobile  Bay,  the  bulk  of  the  fish 
biomass  during  the  cooler  months  was  collected  in 
the  Mobile  Ship  Channel  (Nelson  and  Walker  1964). 
Nelson  (1969)  found  that  croakers  leave  shallow 


areas  during  colder  months  and  concentrate  in  or 
near  ship  channels.  The  Gulf  Intracoastal  Waterway 
through  the  Laguna  Madre  of  Texas  now  provides  an 
avenue  of  escape  from  cold  water  during  the  winter 
(Simmons  1957).  An  excellent  fishery  is  often  associ- 
ated with  deepwater  channels  in  bays  during  cold 
months.  The  9  m  deep  Offatts  Bayou  near  Galveston 
Bay  is  noted  for  its  excellent  sport  fishing  during  and 
following  winter  storms  (Chapman  1968). 

Changes  in  Sediment 

Odum  (1970)  discussed  the  "hydraulic  dredge  cy- 
cle" that  arises  when  the  dredge  material  is  random- 
ly dumped  as  spoil  banks  with  little  regard  for  subse- 
quent aerial  and  sub-aerial  erosion.  The  result  is  a 
rapid  deterioration  of  the  spoil  bank  and  transport  of 
sediments  back  into  the  channel,  thereby  necessitat- 
ing costly  re-dredging.  This  is  a  common  cycle  in 
many  estuaries,  resulting  in  areas  of  high  turbidity, 
constantly  shifting  sediments,  and  limited  produc- 
tivity. 

Becking  and  Wood  (1955)  and  many  others  have 
concluded  that  "in  estuaries  it  is  the  sediments  which 
control  the  ecosystem."  Certainly,  this  is  true  in  shal- 
low water  estuaries  where  any  sediment  changes  will 
be  accompanied  by  changes  in  the  overlying  water 
(Odum  1970).  In  addition  to  storing  materials  by 
absorption,  sediments  are  the  site  of  intensive  micro- 
bial activity  through  which  the  sulfur,  nitrogen,  and 
phosphorus  cycles  continually  decompose  complex 
organic  compounds  from  organic  detritus  to  usable 
forms  such  as  ammonia,  nitrate,  or  organic  phos- 
phate (Wood  1965). 

Changes  in  mechanical  properties  of  sediments  at 
dredge  and  spoil  disposal  sites  may  influence  the 
estuarine  biota.  Slotta  et  al.  (1973)  monitored  sedi- 
ments at  a  dredge  and  disposal  site  in  Coos  Bay, 
Oregon,  and  observed  a  decrease  in  median  grain  size 
at  the  former  and  a  10%  decrease  in  porosity  of  the 
sediments  at  the  latter.  Effects  on  benthos  and  fishes 
by  changes  in  sediment  composition  from  dredging 
have  already  been  reviewed  under  turbidity  and 
sedimentation. 

Loss  of  Aquatic  Vegetation  and  Marsh 

Large  tracts  of  macrophytic  aquatic  vegetation 
and  marsh  are  destroyed  by  dredging  projects.  Im- 
mediate marsh  loss  is  approximately  8  acres  per  mile 
for  dredged  canals,  with  spoil  material  causing  addi- 
tional damage  (St.  Amant  1973).  It  was  further  esti- 
mated that  canal  dredging  results  in  area  changes 
five  to  six  times  as  wide  as  the  canal  itself  Craig  et  al . 
(1979)  discussed  land  loss  in  coastal  Louisiana  and 
attributed  a  large  percentage  of  it  to  dredged  canals 
and  spoil  islands.  The  annual  increase  in  canal  width 
ranges  from  about  2  to  14  percent  per  year,  for  a 
doubling  time  of  anywhere  from  5-60  years.  Indeed, 
canals  are  widening  at  a  rate  an  order  of  magnitude 
greater  than  the  present  total  land  loss  and  may 
eventually  be  the  dominant  factor  causing  land  loss 
in  Louisiana.  On  the  average,  the  conversion  of 
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marsh  area  to  spoil  levee  is  5  ha  per  km.  of  canal. 

Chapman  ( 1968)  attributed  marsh  loss  from  dredg- 
ing to  turbidity  and  sedimentation  and  to  increased 
saltwater  intrusion.  Canals  also  widen  as  a  result  of 
wave  action,  boat  traffic,  and  altered  hydrological 
patterns  (Craig  et  al.  1979).  As  emergent  vegetation 
is  destroyed,  the  erosion  rate  accelerates  because  the 
vegetation  no  longer  stabilizes  the  substrate. 

Marsh  habitats  play  an  important  role  in  the 
estuarine  ecosystem  as  feeding,  breeding,  and 
nursery  areas  for  fishes  and  invertebrates  (Chapman 
1968,  Day  et  al.  1973,  Marshall  1968,  Mock  1966, 
Sherk  1971,  and  1972).  Annual  plant  growth  and 
decay  also  provides  large  quantities  of  organic  detri- 
tus, which  commonly  forms  the  base  of  the  estuarine 
food  chain.  The  importance  of  detritus  in  estuarine 
ecosystems  has  been  reported  by  several  scientists, 
perhaps  most  emphatically  by  Darnell  (1961)  and 
Odum  (1971). 

Benthic  vegetation  also  stabilizes  sediments, 
which  in  turn  prevents  excessive  water  turbidity  and 
allows  the  formation  of  a  strong  reducing  layer  below 
the  sediment  surface,  a  condition  which  enhances 
nutrient  re-cycling  through  the  sulfur  cycle  (Wood 
1965). 

Spoil  Islands 

Spoil  islands  can  have  far-reaching  effects  on 
estuarine  ecology.  Thousands  of  acres  of  productive 
shallow  marsh  habitats  have  been  destroyed  by  spoil 
deposition  (Chapman  1968).  The  shorelines  of  some 
spoil  islands  are  unstable  and  devoid  of  emergent 
plants.  Spoil  deposition  on  surrounding  marshes  of 
Gk)ose  Creek,  New  York  had  a  pronounced  effect  on 
the  species  composition  of  the  vegetation  and  produc- 
tivity of  the  area  (Kaplan  et  al.  1974).  Raising  the 
level  of  the  marsh  above  the  inundation  zone  re- 
placed the  highly  productive  Spartina  community 
with  the  less  productive  Phragmites  communis.  Cro- 
nin  (1970)  summarized  effects  of  spoil  islands  in 
deeper  waters  of  Chesapeake  Bay  and  found  no  gross 
effect  on  phjd;oplankton  priinary  productivity,  zoo- 
plankton,  fish  eggs,  and  larvae  or  fish.  However, 
there  was  a  reduction  of  about  79%  in  benthic 
biomass  and  a  marked  reduction  in  species  diversity. 
Pre-disposal  levels  of  numerical  abundance, 
biomass,  and  species  diversity  were  attained  in 
approximately  one-and-a-half  years.  Assuming  oys- 
ter reefs  are  not  buried,  spoil  islands  may  actually 
benefit  oysters  in  this  area,  by  exposing  buried  shells 
on  which  new  oyster  reefs  develop  (Cronin  et  al. 
1970). 

Fishes  associated  with  oceanic  oyster  reefs  and 
adjacent  man-made  spoil  islands  in  the  northeastern 
Gulf  of  Mexico  were  quantitatively  evaluated  by  Bass 
and  Guillory  (1979).  A  larger  number  of  individuals 
and  higher  biomass  offish  were  collected  from  oyster 
reefs  than  adjacent  spoil  islands.  An  average  of 
86,779  fish  per  ha,  weighing  55.5  kg,  was  observed  on 
the  oyster  reefs,  while  56,610  fish  per  ha,  weighing 
20.7  kg,  was  taken  adjacent  spoil  islands.  An  indis- 


tinct assemblage  was  found  on  the  spoil,  whereas  an 
ecologically  distinct  community  was  associated  with 
reefs.  Briggs  and  O'Conner  (1971)  found  that  sand 
bottoms  associated  with  spoil  disposal  had  a  lower 
diversity  of  fishes  than  naturally  vegetated  bottoms 
in  a  New  York  estuary.  Bay  segmentation  by  spoil 
islands  can  cause  serious  physical  derangements. 
Large  areas  of  shallow-water  saline  and  brackish 
marsh  are  frequently  isolated  and  lost  as  productive 
nursery  areas  (Chapman  1968).  Kutkuhn  (1966) 
noted  that  deposition  of  spoil  may  subdivide  a  bay  in 
such  a  way  that  subsequent  changes  will  render  the 
segmented  portions  shallower  and  less  useful  as 
nursery  areas. 

SALTWATER  INTRUSION 

Increased  saltwater  intrusion  in  the  vicinity  of 
channels  is  caused  by  a  more  direct  route  and  higher 
velocities  of  streamflow  in  the  straight  canals  as  com- 
pared to  the  natural  meandering  lagoons  and  bayous. 
High  saline  density  layers  form  along  the  bottom  of 
channels  and  move  upstream  as  a  wedge  under  less 
saline,  lighter  waters.  Agitation  by  ships,  boats,  and 
currents  then  mix  portions  of  the  stratified  bottom 
layers  with  surface  waters.  There  are  numerous  ex- 
amples of  saltwater  intrusion  associated  with  chan- 
nelization projects.  One  of  the  most  striking  exam- 
ples is  the  Mississippi  River-Gulf  Outlet  in 
Louisiana,  which  allowed  high  salinity  waters  from 
the  Gulf  of  Mexico  to  penetrate  and  disperse  through- 
out thousands  of  acres  of  marsh.  Salinity  even  in- 
creased in  the  1,658  square  km  Lake  Pontchartrain 
(Chapman  1968).  Saltwater  intrusion  has  occurred 
many  times  in  Louisiana  marshes  because  of  channel 
construction  (St.  Amant  et  al.  1958).  The  Mobile  Ship 
Channel  has  resulted  in  increased  saltwater  intru- 
sion into  the  Mobile  Delta  (Swingle  1971),  and  a 
similar  situation  exists  in  the  Galveston  Bay  estuary 
and  in  the  Houston  Ship  Channel  (Chapman  1968). 

Saltwater  intrusion  is  very  complex,  as  many  other 
physical,  chemical,  and  biological  conditions  occur 
along  with  it  (Copeland  1966,  Cronin  et  al.  1970, 
Gunter  1961).  Changes  must  be  interpreted  carefully 
at  each  site  and  will  vary  with  location,  channel  size, 
and  season.  Both  beneficial  and  detrimental  effects 
may  be  associated  with  saltwater  intrusion. 

The  most  adverse  impact  of  increased  saltwater 
intrusion  in  estuaries  is  the  destruction  of  large 
tracts  of  marsh  vegetation  (Chapman  1968). 
Thousands  of  acres  of  fresh-to-brackish  marsh 
vegetation  have  been  destroyed  by  the  increased 
salinity  associated  with  artificial  channels  along  the 
coasts.  Under  normal  conditions,  salt-tolerant  plant 
communities  would  replace  less  tolerant  vegetation; 
however,  before  the  new  plant  community  can  be 
established,  land  may  easily  be  lost  by  erosion  from 
tidal,  wave,  and  wind  action  because  the  vegetation 
no  longer  anchors  the  substrate. 

One  of  the  less  obvious  effects  of  altered  salinity 
regimes  is  the  possible  disruption  of  transport 
mechanisms  by  which  larval  invertebrates  and 
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fishes  find  their  way  into  the  estuary  or  maintain 
their  position  (Odum  1970).  Nelson  (1931)  postulated 
that  movement  of  larval  oysters  was  triggered  by  the 
increasing  salinity  of  flood  tidal  cycles  and,  converse- 
ly, that  the  dropping  salinity  of  ebb  tidal  cycles  de- 
creased larval  activity.  Haskin  (1964)  later  verified 
that  oyster  larvae  respond  to  salinity  changes  and 
that  increasing  salinity  will  stimulate  older  larvae  to 
swim  whereas  decreasing  salinity  causes  younger 
larvae  to  remain  on  the  bottom.  Hughes  (1969) 
observed  that  post-larval  pink  shrimp  responded  to 
salinity  differences  of  as  little  as  one  ppt  and  in  lower 
salinity  dropped  to  the  substrate.  Tabb  et  al.  (1962) 
earlier  pointed  out  that  this  process  would  allow  tiny 
post-larval  shrimp  with  little  swimming  ability  to 
move  3.2  to  4.8  km  on  each  flood  tide,  which  would 
eventually  suffice  for  penetration  into  the  low  salin- 
ity marshes.  Equally  interesting  from  Hughes' 
(1969)  paper  was  the  finding  that  juvenile  shrimp 
reacted  much  differently  than  post  larvae.  Juveniles, 
having  spent  three  to  six  months  in  the  estuary,  are 
large  enough  to  exert  considerable  horizontal  swim- 
ming effort  and  are  ready  to  depart  the  estuary  for 
offshore  spawning  grounds.  Shrimp  of  this  size  ex- 
hibit positive  rheotaxis  (swimming  against  the  cur- 
rent) throughout  the  flood  tide  when  "normal"  sea- 
water  salinities  prevail,  but  when  salinity  was  de- 
creased such  as  during  the  ebb  tide,  rheotaxis  was 
reversed  and  swimming  downstream  with  the  cur- 
rent occurred.  Transport  out  of  the  estuary  and 
offshore  is  apparently  accomplished  through  this 
process.  The  role  of  the  deepwater  salt  wedge  in  the 
process  offish  egg  and  larvae  transport  remains  to  be 
evaluated.  Dovel  et  al.  (1969),  in  their  study  of  the 
hogchoker  in  Chesapeake  Bay,  concluded  that  rapid 
upstream  movement  of  weak  swimming,  early  life 
history  stages  of  the  hogchoker  suggested  that  this 
species  may  indeed  use  the  salt  wedge  transport 
system. 

Increases  in  salinity  may  also  affect  sessile  in- 
vertebrates such  as  oyster.  A  general  rise  in  salinity 
will  probably  seriously  affect  oyster  beds  (Rounsefell 
1964).  The  set  and  survival  of  oyster  spat  are  affected 
by  relatively  small  salinity  gradients  (May  and 
Bland  1970),  and  major  salinity  changes  can  influ- 
ence the  survival  and  distribution  of  oyster  (May 
1971).  Galtsoff  (1964)  discussed  the  decrease  in  the 
oyster  population  of  Texas  Bay  during  the  drought  of 
the  1950's  and  suggested  that  higher  salinities 
(above  40  ppt)  restricted  gonad  development  which, 
in  part,  contributed  to  the  decline  of  oyster  popula- 
tions. Increased  salinity  fi-om  channel  construction  in 
Louisiana  marshes  has  made  many  areas  too  saline 
for  oysters  (Mackin  and  Hopkins  1961,  McConnell 
1952,  St.  Amant  et  al.  1958).  Cronin  et  al.  (1970)  and 
Copeland  (1966)  discussed  the  detrimental  effects  of 
saltwater  intrusion  on  oysters,  attributing  to  it  the 
greater  penetration  of  oyster  predators  and  diseases. 
Dermocystidium  marinum,  a  parasitic  fungus,  is 
often  a  serious  threat  to  oyster  populations.  This 


fungus  is  common  on  oysters  in  moderate  salinities 
but  only  occasionally  found  in  salinities  below  10-15 
ppt.  Another  widespread  and  destructive  oyster  pa- 
rasite is  the  oyster  drill  (Thais),  which  is  also  sensi- 
tive to  salinities.  Urosalpinx  spp.  and  Eupleura  spp. 
are  sometimes  quite  destructive  to  oysters  but  are 
also  uncommonly  encountered  in  moderate  to  low 
salinities. 

Rounsefell  (1964)  discussed  the  possible  effects  of 
increased  salinity  from  the  Mississippi  River-Gulf 
Outlet  channel,  and  indicated  that  direct  effect  on 
fishes  of  a  rise  in  salinity  may  not  necessarily  be 
drastic  but  that  a  salinity  increase  of  only  a  few  ppt 
would  harm  blue  crabs,  and  possibly  white  shrimp. 

Ecological  changes  in  estuaries  as  a  result  of  in- 
creasing salinities  occurred  along  the  Texas  Coast  in 
the  early  1950's  when  the  severe  drought  sharply 
reduced  the  input  of  freshwater  into  estuaries.  There 
was  widespread  invasion  of  estuaries  by  stenohaline 
marine  organisms,  whereas  some  of  the  former 
estuarine  bay  fauna  disappeared  (Hoese  1960,  Par- 
ker 1955,  Puffer  and  Emerson  1953).  The  commercial 
species  most  damaged  were  the  blue  crab  and  white 
shrimp,  which  depend  on  low-salinity  areas  for  de- 
velopment of  young,  and  the  oyster,  which  requires 
freshwater  to  destroy  its  parasites  and  diseases.  At 
the  same  time,  hard  clams  (a  potential  but  unused 
fishery)  invaded  the  bays. 

HYDROGRAPHIC  REGIMES 

The  existing  hydrological  regime  of  an  estuary 
may  be  disrupted  by  physical  modifications  associ- 
ated with  dredging  and  spoil  disposal.  The  bottom 
topography  is  changed  when  a  dredge  creates  or 
deepens  a  channel  and  a  mound  of  dredged  sediments 
is  built  up  at  the  disposal  site.  Tidal  currents  may 
thus  be  diverted  into  the  channel  or  deflected  physi- 
cally by  the  spoil  mounds.  Modification  of  tidal  ex- 
changes between  an  estuary  and  the  sea  can  have  far 
greater  consequences  than  merely  encouraging  or 
reducing  saltwater  intrusion  (Chapman  1968).  Tidal 
currents,  assisted  by  wind,  furnish  the  energy  for 
horizontal  translocation  and  mixing  throughout  an 
estuary.  Depending  upon  the  physiographical  and 
chemical  characteristics  of  the  estuary  being 
dredged,  the  nature  of  the  channel,  and  the  spoil 
island  placement,  the  alteration  of  circulation  by 
channels  and/or  spoil  banks  may  be  beneficial  or 
adverse.  Copeland  and  Dickens  (1969)  concluded 
that,  in  most  cases,  the  system's  energy  source 
changes,  thereby  altering  energy  cycles.  When  this 
occurs,  the  system  structure  is  altered  or  replaced  by 
another  system  or  sub-system  type. 

Changes  in  hydrologic  conditions  caused  by  pipe- 
lines or  canals  in  marsh  areas  usually  occur  at  two 
levels:  within  the  immediate  project  area  and  within 
the  drainage  basin  (Stone  et  al.  1979).  A  canal 
through  a  small  (about  200  x  300  m)  piece  of  marsh 
can  reduce  total  water  flow  over  it  from  2  to  35%  of 
normal  flow  (Stone  et  al.  1978).  Hydrologic  effects  are 
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probably  cumulative  and  additive  at  the  basin  level 
but  are  usually  harder  to  detect  than  those  at  the 
project  area.  For  example,  oil  and  gas  canals  of  only  8 
fields  can  increase  the  flooded  area  in  the  drainage 
basin  of  Barataria  Bay  about  3%  above  normal 
(Stone  and  McHugh  1977),  and  there  are  approx- 
imately 90  fields  in  the  entire  basin. 

The  construction  of  straight  canals  through  mar- 
shes also  creates  a  condition  whereby  runoff  water, 
such  as  from  agricultural  and  urban  sources,  is 
shunted  through  the  marsh  into  open  water  bodies 
(Stone  et  al.  1979).  This  eliminates  the  "purging 
value"  of  wetlands  on  nutrients  and  may  lead  to 
eutrophication  of  the  water  bodies. 

Gagliano  (1973)  summarized  adverse  impacts  of 
marsh  channelization.  He  pointed  out  that  during 
periods  of  rainfall  and  low  tides,  adjacent  marshes 
and  swamps  drain  much  more  rapidly  than  they 
would  have  under  more  natural  conditions.  The  re- 
verse occurs  during  high  tide  and  drought.  Canals 
and  spoil  banks  also  intercept  and  disrupt  the  normal 
surface  hydrologic  patterns.  Adkins  and  Bowman 
(1976)  concluded  that  canals  running  in  a  north- 
south  direction  tend  to  accelerate  water  exchange 
and  erosion  in  almost  all  instances;  east-west  canals 
tend  to  retard  water  flow,  act  as  a  trap  for  sediments 
contained  in  the  natural  sheet  flow  over  a  marsh,  and 
allow  for  saltwater  intrusion. 

Kaplan  et  al.  (1974)  concluded  that  the  long 
flushing  time  and  reduced  inlet  size  of  small 
estuarine  bays  exaggerate  the  hydrodynamic  effects 
of  channel  construction.  Moreover,  unlike  most 
dredge-associated  impacts,  disruption  of  the  basic 
hydrology  may  incur  permanent  ecological  changes. 
Dredging  in  Goose  Creek,  New  York  greatly  mod- 
ified the  hydrography  of  that  estuary.  Current  veloc- 
ity in  one-half  of  the  bay  was  reduced  509c  and  the 
main  mass  of  water  movement  shifted  from  one  side 
to  another. 

Alteration  of  estuarine  hydrography  by  spoil 
banks  and  channels  may  alter  sediment  transport 
and/or  deposition  and  erosion  rates.  A  predominantly 
landward  sediment  flow,  as  well  as  intrusion  of  salt 
water,  was  established  in  the  Savannah  River  after  a 
shipping  channel  was  dredged  (Simmons  1965).  Con- 
sequently, river  sediment  that  had  been  formerly 
carried  to  sea  became  trapped  in  the  estuary,  and 
sediment  from  outside  the  mouth  was  probably 
drawn  into  the  estuary  along  the  bottom.  Jordaen 
(1970)  suggested  that  the  dredge  disposal  area 
offshore  of  Durbon  Harbor,  South  Africa,  was  re- 
sponsible for  selective  wave  action  along  the  coast- 
line, which  reduced  longshore  sand  transport  and 
caused  beach  erosion  on  the  downdrift  side.  Breuer 
(1962)  reported  major  changes  produced  by  spoil  de- 
position on  the  hydrography  of  South  Bay,  Texas. 
The  placement  of  the  spoil  reduced  the  size  of  the  bay 
entrance,  which  impaired  the  water  circulation  and 
resulted  in  a  decrease  in  water  depth  and  the  destruc- 
tion of  much  of  the  oyster  population  through  silta- 
tion. 


Changes  in  tidal  pattern,  circulation,  and  flushing 
rates  are  most  likely  to  affect  zooplankton  popula- 
tions (Sullivan  and  Hancock  1977).  Johnson  and  Mil- 
ler ( 1973)  concluded  that  populations  ofAcartia  tonsa 
are  likely  to  be  sensitive  to  specific  circulation  pat- 
terns that  can  be  significantly  altered  by  either  spoil 
removal  or  disposal.  Problems  resulting  from  exces- 
sive algal  blooms  in  Great  Bay  and  Moriches  Bay, 
New  York,  which  seriously  reduced  their  oyster  pro- 
ducing capacity,  were  alleviated  when  Moriches  In- 
let was  reopened  to  restore  effective  exchange  with 
the  sea  (Ryther  1954,  Ryther  et  al.  1958).  Hargis 
(1966),  in  summarizing  effects  of  the  St.  James  River, 
Virginia  navigation  channel  and  harbor,  noted  that 
the  current  structure  was  modified.  Oyster  spat  could 
not  move  upstream,  whereas  before  channel  con- 
struction current  patterns  allowed  their  upstream 
transport.  Hargis  found  little  change  in  salinity 
values  but  an  alteration  of  the  salinity  structure  was 
noted. 

Insufficient  water  circulation  in  Mobile  Bay  re- 
sults in  widespread  oxygen  depletion  during  the 
summer  (May  1973).  Regular  tidal  exchange  is  great- 
ly reduced  in  sinks  created  by  shoals  along  the 
shoreline  and  spoil  banks  from  the  ship  channel.  The 
bathymetry  of  Mobile  Bay  prior  to  spoil  disposal  did 
not  impede  water  circulation  to  the  extent  that  ox- 
ygen depletion  was  extensive.  Considerable  fishery 
losses  have  resulted  from  this  phenomenon.  May  con- 
cluded that  the  importance  of  adequate  circulation  to 
the  assimilation  capacity  of  estuaries  must  be  recog- 
nized as  being  of  foremost  concern  in  planning  future 
bay  modifications. 

The  construction  of  the  Gulf  Coast  Intracoastal 
Waterway  through  the  Laguna  Madre  in  Texas  bene- 
fited the  fishery  resources  (Hedgepeth  1947).  Prior  to 
the  construction,  massive  seasonal  fish  kills  would 
occur  when  high  water  temperature  and  high  salini- 
ties coincided  (Simmons  1957).  The  waterway  pro- 
vided an  avenue  of  escape  from  hypersaline  condi- 
tions, improved  water  circulation,  and  lessened  ex- 
cessive hypersalinity  (Breuer  1962).  Salinity  greater 
than  100  ppt  was  reported  by  Collier  and  Hedgepeth 
(1950)  before  construction  of  the  Intracoastal  Water- 
way, but  since  construction,  salinity  has  not  ex- 
ceeded 80  ppt  (Breuer  1962,  Simmons  1957). 

SECONDARY  EFFECTS 

Secondary  effects  of  industrial  and  residential 
grovvi;h  occur  as  a  result  of  a  channelization  project. 
Such  growth  adjacent  to  estuaries  produces  several 
adverse  impacts,  including  physical  disruption  of 
habitat,  alteration  of  flow  regimes,  and  generation  of 
organic  and  industrial  pollutants.  In  some  cases,  de- 
mands placed  on  the  aquatic  ecosystem  by  secondary 
development  may  be  greater  than  that  of  primary 
development. 

It  is  beyond  the  scope  of  this  paper  to  elaborate  on 
the  environmental  impacts  of  secondary  develop- 
ment from  the  wide  variety  of  industrial,  commer- 
cial, and  residential  types  that  may  materialize. 
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MAINTENANCE  DREDGING 

Periodic  maintenance  dredging  is  required  in 
dredged  channels  to  preserve  channel  depths  and 
keep  them  free  of  buildup  of  sediments  and  organic 
materials.  Odum  (1970)  discussed  the  "hydraulic 
dredge  cycle,"  which  arises  when  the  dredge  mate- 
rials from  channels  are  randomly  dumped  as  spoil 
banks  with  little  regard  for  subsequent  aerial  and 
sub-aerial  erosion.  The  result  is  a  rapid  deterioration 
of  the  spoil  bank  and  transport  of  sediments  back  into 
the  channel,  thus  necessitating  costly  redredging. 

Adverse  environmental  effects  of  maintenance 
dredging  include  possible  changes  in  water  quality 
(i.e.,  lowered  dissolved  oxygen,  release  of  nutrients, 
and  possible  contamination  from  toxicants),  in- 
creased turbidity  and  sedimentation,  and  reduced 
benthic  productivity  in  the  channel  bottom  (U.S. 
Army  Corps  of  Engineers  1971, 1974a,  and  1974b).  In 
general,  ecological  effects  emanating  from  mainte- 
nance dredging  are  similar  to  those  of  channel  dredg- 
ing. However,  maintenance  dredging  differs  from 
channel  dredging  in  several  respects: 

1.  The  release  of  toxic  materials  from  the  channel 
bottom  may  exceed  that  released  by  the  original 
dredging  if  spills  of  toxic  materials  occur  as  a  result  of 
ships  utilizing  the  channel. 

2.  Channel  bottoms  are  not  the  most  productive 
habitats;  thus  direct  destruction  of  benthos  will  be 
less  than  that  destroyed  in  the  original  dredging.  In 
fact,  in  channels  affected  by  repeated  maintenance 
dredging,  a  normal  benthic  biota  may  never  develop 
(May  1973b,  Sherk  1971,  Taylor  1972).  Slotta  and 
Williamson  (1974)  suggested  that  these  benthic  com- 
munities may  become  more  or  less  adapted  to  the 
continual  resuspension  of  sediments  and  will  exhibit 
characteristics  commonly  attributed  to  communities 
in  polluted  environments  and  will  not  be  significant- 
ly altered  by  maintenance  dredging. 

3.  The  amount  of  material  excavated  by  mainte- 
nance dredging  will  be  less  than  that  excavated  dur- 
ing the  original  dredging;  hence,  the  area  affected  by 
turbidity  and  sedimentation  may  be  less. 

Morton  (1977)  emphasized  that  the  cumulative 
effects  of  repeated  dredging  and  disposal  should  be 
considered  when  the  potential  alteration  of  aquatic 
habitat  is  assessed.  Changes  in  bathymetry  resulting 
from  a  single,  small-scale  dredging  project  may  be 
insignificant,  but  when  a  disposal  site  is  used  repe- 
atedly, the  incremental  addition  of  dredge  spoils  can 
be  significant.  After  prolonged  use,  certain  nursery 
areas  and  habitat  for  shellfish  could  become  unsuit- 
able for  aquatic  organisms  (Lawler  et  al.  1974). 

RECOMMENDATIONS  AND  GUIDELINES 

Channel  dredging  projects  are  so  diverse  that  it  is 
difficult  to  suggest  specific  constraints.  Generally, 
alternative  solutions  should  be  found  that  eliminate 
the  need  for  dredged  canals.  Those  that  are  essential 
to  the  public  and  for  which  there  are  no  alternative 


However,  the  importance  of  such  information  in  en- 
vironmental impact  assessments  of  channel  dredg- 
ing projects  should  be  considered, 
solutions  should  be  minimized  in  extent,  designed 
with  care,  and  undertaken  under  stringent  environ- 
mental controls. 

The  following  general  conclusions,  guidelines,  and 
criteria  have  been  brought  together  to  assist  in  the 
design  of  dredging  projects  to  minimize  damage  to 
the  estuarine  resources  (Adkins  and  Bowman  1976, 
Chapman  1968,  Clark  1974,  Cronin  et  al.  1970, 
Flemer  et  al.  1968,  Huston  1977,  May  1974,  Morton 
1977,  Stinson  and  Mathewson  1976,  Stone  et  al. 
1978)  and  these  are  not  intended  to  be  all  inclusive, 
nor  are  they  minimal  or  maximal  standards  that 
must  be  adhered  to  absolutely.  Furthermore,  they 
can  be  best  applied  by  regulatory  agencies  and  by 
marine  biologists  familiar  with  the  area  in  question. 

1 .  Additional  knowledge  is  needed  for  the  effective 
guidance  of  efforts  to  minimize  damage  and  enhance 
possible  beneficial  aspects.  To  accomplish  this  objec- 
tive, the  following  research  is  suggested: 

a.  Develop  improved  ability  to  predict  rates  and 
characteristics  of  sedimentation  in  dredged  areas; 

b.  Determine  biological  effects  of  suspended  and 
deposited  sediments; 

c.  Improve  knowledge  of  relationships  between 
sediments  and  biota  in  order  to  predict  effects  of 
sediment  changes  resulting  from  dredging; 

d.  Evaluate  effects  of  dredging  on  water  quality 
and,  subsequently,  on  the  biota; 

e.  Study  the  effects  of  alteration  of  salinity  and 
circulation  regimes  in  estuaries  on  the  biota;  and 

f.  Obtain  additional  knowledge  on  the  use  of 
dredge  channels  by  marine  organisms. 

2.  Each  site  considered  for  dredging  and  disposal 
should  receive  individual  consideration  in  relation  to 
ecological  impacts,  drawing  both  upon  related  re- 
search in  other  areas  and  upon  adequate  knowledge 
of  local  conditions.  In  many  cases,  this  will  require 
that  suitable  pre-decision  surveys  be  conducted. 
Baseline  data  should  be  available  on  the  biological 
values  of  the  areas  involved,  number  and  species 
composition  of  the  biota,  seasonal  movements  of 
motile  organisms,  nature  of  sediments,  physical  hyd- 
rography of  the  area,  water  quality,  and  the  precise 
location  of  areas  of  exceptional  concern  such  as  shell- 
fish beds,  grass  flats,  and  nursery  habitats. 

3.  The  establishment  of  limiting  criteria  on  sedi- 
ments to  be  dredged  may  be  questionable,  and  it 
appears  that  stringent  standards  may  not  be  neces- 
sary to  protect  water  quality  (discounting  turbidity) 
in  large  open  estuaries.  A  review  of  the  literature  on 
the  release  of  chemical  contaminants  from  dredge 
material  has  shown  that  the  bulk  chemical  composi- 
tion is  not  a  useful  index  of  potential  environmental 
quality  problems  that  come  in  contact  with  these 
sediments. 

4.  The  distance  from  dredge  effluents  that  sus- 
pended sediments  will  exceed  ambient  levels  or  will 
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cover  the  bottom  is  dependent  upon  the  kind  and 
amount  of  materials,  current  regimes,  existing  tur- 
bidity levels,  and  bottom  configuration.  Because  of 
the  inherent  variations  in  these  conditions,  a  recom- 
mended distance  of  dredging  operations  from  vital 
habitats  is  not  applicable. 

5.  Navigation  channels  should  be  designed  to 
minimize  ecological  disturbances  and  impacts: 

a.  Channels  should  not  be  located  close  enough  to 
the  shoreline  to  cause  erosion; 

b.  Channel  depth  and  width  should  be  designed  to 
the  absolute  minimum  size  required.  Depths  of  less 
than  10  ft  are  preferable  to  minimize  saltwater  intru- 
sion and  alteration  of  circulation  regimes  and  to 
maximize  light  penetration.  Deep  channels  must 
also  be  redredged  more  often  because  of  the  inward 
flow  of  water  along  the  bottom  increases  the  inward 
transport  of  materials; 

c.  The  initial  cut  of  the  channel  sides  should  be  at 
the  expected  equilibrium  slope  to  prevent  later 
slumping,  resuspension  of  sediments,  continued  un- 
suitable conditions  for  bottom  organisms,  and  to  re- 
duce the  need  for  redredging.  Slopes  should  normally 
be  greater  than  1:5  for  sand  and  1:10  for  mud  bot- 
toms; 

d.  Channels  should  be  located  to  avoid  vital  areas, 
such  as  shellfish  beds,  nursery  areas,  and  grass  beds; 

e.  Transportation  canals  should  only  be  dredged 
as  deep  as  the  euphoric  zone  and  not  deeper  than  the 
water  body  where  the  canal  ends; 

f  Canals  should  not  run  from  the  edge  of  a  hydro- 
logical  unit  to  the  middle; 

g.  Canals  between  different  vegetation  types 
should  be  limited;  and 

h.  All  major  navigation  canals  should  be  treated 
with  riprap  of  suitable  material  to  prevent  future 
erosion  and  continued  widening. 

6.  The  impact  of  access  and  pipeline  canals  associ- 
ated with  the  petroleum  industry  could  be  minimized 
by  implementing  the  following  suggestions: 

a.  Pipeline  canals  should  be  concentrated  along 
corridors  and  routes  that  ensure  the  shortest  route 
through  productive  wetlands  to  nearest  highlands; 

b.  Whenever  possible,  all  pipeline  canals  and  ac- 
cess canals  leading  to  abandoned  well  locations 
should  be  backfilled; 

c.  In  all  instances  where  feasible,  pushing  should 
be  required  to  install  a  pipeline  14  in.  or  less  in 
outside  diameter  because  this  method  requires  little 
or  no  dredging,  thereby  reducing  marsh  destruction; 

d.  When  possible,  boardwalks  should  be  con- 
structed instead  of  canals  to  provide  access  to  wells; 

e.  Directional  drilling  techniques  should  be  re- 
quired wherever  possible  in  order  to  reduce  the  num- 
ber of  access  canals; 

f.  Shallow-draft  barges  should  be  developed  for 
exploratory  drilling  purposes  to  further  reduce 
amount  of  dredging  required  in  access  canals; 

g.  The  seaward  end  of  all  pipeline  ditches  should 
be  plugged;  and 


h.  Pipelines  should  not  be  constructed  to  cross  bar- 
rier islands. 

7.  All  dredge  spoil  (especially  polluted  or  soft 
spoil)  should  be  disposed  in  a  place  that  is  not  an  area 
of  ecological  concern  —  preferably,  inland  above  the 
flood  plain;  secondarily,  in  the  ocean  away  from  in- 
lets or  vital  areas.  Either  of  these,  however,  may 
raise  costs  to  a  prohibitive  level.  Pumping  inland 
requires  both  installation  of  an  overland  pipeline  and 
complex  procedure  to  de-water  spoil  and  dispose  of 
contaminated  wastewater.  The  strategy  of  dumping 
spoil  offshore  is  also  complicated  by  varying  oceanog- 
raphic  factors  (currents,  depths,  stratification  of  wa- 
ter) and  by  the  widely  varying  composition  of  spoils. 

8.  The  dredging  industry  should  use  all  known 
methods  of  reducing  turbidity  associated  with  dredg- 
ing operations  because  these  techniques  may  also 
reduce  operating  costs. 

9.  Spoil  islands  should  be  located  and  designed  to 
minimize  adverse  environmental  effects: 

a.  Spoil  should  be  confined  within  levees  of  de- 
gradable  materials,  thereby  leaving  natural  edges  in 
time; 

b.  Spoil  should  be  confined  to  as  small  an  area  as 
possible; 

c.  Spoil  should  not  be  placed  on  high-value  habitat 
including,  but  not  limited  to,  brackish  marshes, 
vegetated  shorelines,  beds  of  submergent  vegetation, 
protected  shallow  waters  near  shore,  oyster  reefs, 
coral  reefs,  and  small  meandering  tributaries  in  the 
tidal  zone; 

d.  A  large  safety  zone  should  be  maintained 
around  spoil  islands,  especially  when  islands  are  not 
leveed,  because  the  spread  of  semi-liquid  spoil  will 
affect  a  wide  area; 

e.  To  provide  for  maximum  water  exchanges  and 
circulation,  spoil  should  be  placed  on  mounds  at  least 
300  m  apart  on  alternating  sides  of  the  channel; 

f.  Natural  drainage  channels  and  waterways 
should  not  be  blocked  by  spoil  because  isolation  of  an 
area  may  be  more  damaging  than  changes  in  the 
environment  that  could  result  from  saltwater  intru- 
sion; 

g.  Spoil  should  not  be  placed  closer  than  150  m 
from  the  shoreline  of  shallow  protected  bays; 

h.  Spoil  deposition  sites  should  be  retained  for  fu- 
ture maintenance  spoil; 

i.  To  minimize  erosion  and  maximize  habitat, 
spoil  islands  should  be  planted  with  appropriate 
vegetation  types,  thereby  stabilizing  the  shore  and 
providing  food  (in  form  of  detritus)  and  cover; 

j.  The  volume  of  dredge  spoils  should  be  reduced 
by  improving  spoil  de-watering  techniques  such  as 
(1)  placing  thin  layers  of  spoil  sequentially  to  allow 
for  desiccation  by  gravity  drainage  and  evaporation 
before  the  next  layer  is  deposited  and  (2)  agitating 
mechanically  using  a  tracked  vehicle  to  enhance  eva- 
poration; 

k.  Consideration  should  be  given  to  using  chemic- 
al coagulants  like  alum,  ion  salts,  and  polyelectro- 
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lytes  to  precipitate  fine,  polluted  sediments  at  the 
disposal  site; 

1.  Diked  disposal  sites  should  be  properly  de- 
signed, constructed,  and  maintained  to  prevent  loss 
of  dredge  slurry; 

m.  To  minimize  the  transport  of  sediment  from 
spoil  islands  to  channels,  physical  characteristics 
(topography,  bathymetry,  meterology,  geomorpholo- 
gy,  hydrology)  should  be  considered  when  choosing 
spoil  sites;  and 

n.  Spoil  banks  should  be  constructed  lower  than 
the  tidal  amplitude. 

10.  Dredging  and  spoil  disposal  should  be  under- 
taken when  minimal  environmental  disturbances 
would  result.  The  following  factors  should  be  consi- 
dered when  scheduling  dredging: 

a.  When  possible,  the  season  with  the  most  favor- 
able weather  conditions  should  be  chosen; 

b.  Special  caution  should  be  taken  to  assure  the 
protection  of  fish  and  invertebrate  eggs  and  larvae 
because  of  the  sensitivity  of  these  stages  to  turbidity 
and  sedimentation.  This  time  will  vary  geographical- 
ly because  of  variation  in  major  spawning  peaks  of 
fish  and  invertebrates; 

c.  Because  high  turbidity  has  been  known  to  inter- 
fere with  spawning  migrations  of  anadromous  fish, 
dredging  should  not  take  place  during  such  periods  in 
areas  traversed  by  anadromous  species;  and 

d.  The  period  of  least  probable  damage  to  benthos 
is  during  seasonal  lows  in  their  numbers  and 
biomass,  usually  in  the  winter  and  spring. 

SUMMARY 

A  detailed  and  integrated  analysis  of  general  biolo- 
gical, physical,  and  chemical  effects  of  dredging  and 
spoil  disposal  are  presented  in  this  report.  Our  pre- 
sent state  of  knowledge,  however,  does  not  permit  a 
neat  compilation  and  analysis  of  dredging  and  spoil 
disposal.  Many  variables  influence  the  response  of 
physiochemical  parameters  to  channelization  and/or 
spoil  disposal.  Further,  assessment  of  these  effects  on 
biota  is  complex  because  of  the  diversity,  complexity, 
and  dynamics  of  estuarine  ecosystems  and  the  abs- 
ence of  detailed  ecological  data  on  most  species. 
Finally,  sampling  procedures  for  most  taxonomic 
groups  are  inadequate  at  present  to  quantify  effects 
of  dredging.  However,  a  brief  overview  of  ecological 
effects  of  channelization  and  spoil  disposal  is  pre- 
sented. Changes  in  the  marine  environment  associ- 
ated with  dredging  and  spoil  disposal  can  be  divided 
in  several  stages.  First,  there  are  immediate  but  tem- 
porary changes  including  increased  turbidity  and 
sedimentation,  effects  on  water  quality  (and  biotic 
changes  associated  with  the  aforementioned),  and 
direct  removal  and  burial  of  benthic  organisms. 
Second,  there  are  more  permanent  and  more  de- 
trimental changes  such  as  saltwater  intrusion,  al- 
teration of  hydrographic  regimes,  physical  changes 
in  habitat  (changes  in  sediment  composition,  crea- 


tion of  deep  channels,  formation  of  spoil  islands,  des- 
truction of  shallow  marshes,  etc.),  and  miscellaneous 
secondary  effects.  More  emphasis  should  be  placed  on 
biotic  responses  to  these  permanent  alterations 
rather  than  to  other  transitory  changes. 
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A  Comparison  of  Fish  Populations  in  Baseline  and  Dredged 

Areas  in  Lake  Pontchartrain 

Vincent  Guillory 

ABSTRACT 

Fish  populations  were  determined  by  otter  trawl  at  baseline  and  dredged  areas  in  Lake 
Pontchartrain.  Dredge  stations  had  higher  catch  rates  than  baseline  stations  but  had  lower 
numbers  of  species  and  species  diversity.  This  implies  that  fishes  may  be  locally  attracted  to 
dredges  because  of  uprooted  benthos  but,  at  the  same  time,  environments  associated  with 
dredging  operations,  may  be  more  stressed  than  non-dredged  areas.  Variation  in  catch  rates 
at  stations  adjacent  to  the  dredges  was  attributed  to  changes  in  turbidity  levels  and  density  of 
uprooted  benthos. 

INTRODUCTION 


The  brackish-water  clam,  Rangia  cuneata,  is  an 
abundant  benthic  species  inhabiting  low  salinity 
estuaries  in  south  Louisiana  (Tarver  and  Dugas 
1973).  In  Lakes  Pontchartrain  and  Maurepas,  R. 
cuneata  have  matured,  spawned,  and  died  for  the 
past  9,000  years,  leaving  vast  quantities  of  shell.  The 
heaviest  clam  shell  deposits  discovered  thus  far  in 
Louisiana  are  in  these  two  lakes  (Anonymous  1968), 
where  most  of  the  state's  clam  shell  production  ori- 
ginates. Dredging  with  sweeper  (suction)  dredges  in 
Lake  Pontchartrain  began  in  the  1930's  when  it  was 
discovered  that  large  quantities  of  clam  shell  could 
be  harvested.  Dredged  clam  shell  production  has  gra- 
dually increased  until  about  5,000,000  cubic  yards 
are  harvested  annually  from  Lake  Pontchartrain 
and  Lake  Maurepas. 

Dredging  is  one  of  the  most  highly  visible  and 
controversial  human  activities  in  the  estuary.  In  the 
case  of  shell  dredging,  the  economic  benefits  are  sig- 
nificant, but,  at  the  same  time,  conservation  groups 
have  expressed  concern  about  possible  adverse  en- 
vironmental impacts  of  the  dredging.  Sufficient  in- 
formation on  the  effects  of  dredging  has  not  been 
available  to  allow  those  concerned  with  its  regula- 
tion to  evaluate  the  problem  comprehensively. 

The  direct  mortality  of  adult  fish  attributable  to 
dredging  is  insignificant,  although  under  ex- 


perimental conditions,  fish  subjected  to  extremely 
high  concentrations  of  suspended  solids  have  died 
from  suffocation  caused  by  clogging  of  gills  and 
opercular  cavities  (Ingle,  et  al.  1954,  Sherk  and  Cro- 
nin  1970,  Wallen  1951).  However,  suspended  mate- 
rials produced  by  dredges  appear  to  be  below  lethal 
levels  (Ingle  1952,  Manning  1957,  Simon  and  Dyer 
1972).  In  addition,  fish  have  the  ability  to  vacate 
areas  of  excessive  turbidities  and  apparently  avoid 
such  areas  (Ingle  et  al.  1955).  Not  all  species,  howev- 
er, are  equally  tolerant  of  suspended  solids,  and  diffe- 
rent types  of  suspensoids  vary  in  their  potential  for 
harm.  For  instance,  fishes  may  not  tolerate  high  tur- 
bidities if  accompanied  by  acids,  alkalies,  or  other 
toxic  substances  (Simon  and  Dyer  1972). 

While  detrimental  changes  in  species  composition, 
population  structure,  and  abundance  of  fishes  have 
been  observed  in  some  estuaries  subjected  to  dredg- 
ing (Briggs  and  O'Conner  1971,  Stickney  1972),  fish 
may  be  locally  attracted  to  dredges  to  feed  on  benthic 
invertebrates  that  are  uprooted  by  the  cutter  head 
(Ingle  1955,  Chapman  1968,  Mock  1966,  Sherk  1971 
and  1972,  Tarver  and  Dugas  1973).  However,  no  one 
has  fully  quantified  the  extent  to  which  fishes  are 
attracted  to  or  affected  by  dredges  by  comparing  fish 
populations  in  dredged  and  adjacent  baseline  areas. 
The  purpose  of  this  paper  is  to  fulfill  that  objective. 


MATERIALS  AND  METHODS 


Samples  were  taken  in  Lake  Pontchartrain  from 
January  1974  to  August  1974  with  a  16-foot  otter 
trawl.  Sampling  stations  are  depicted  in  Figure  1. 
Twenty  baseline  stations  were  located  in  areas 
beyond  the  influence  of  dredging.  Two  tows  of  five- 
minute  duration  were  made  in  two  directions  at  each 
station.  Dredge  collections  were  made  at  six  stations 
located  100,  200,  400,  600,  800  and  1400  feet  from 
operating  dredges.  Four  different  dredges  were  sam- 
pled. Two  five-minute  tows  with  a  16-foot  trawl  were 
taken  at  each  of  the  aforementioned  distances  from 
each  dredge  site. 

Species  diversity  indices  were  determined  on 


pooled  baseline  and  pooled  dredge  data.  As  pointed 
out  by  Betchel  and  Copeland  (1970),  species  diversity 
indices  based  on  pooled  data  are  more  representative 
of  a  habitat  than  the  mean  of  indices  based  on  single 
collections.  The  formula  of  Lloyd,  et  al.  1968,  was 
used  in  this  study: 

c 

d  =  N(Nlog^^  N  -  2n  log^^n ) 

where  c  =  3.32198  (converts  base  10  to  base  2),  N  = 
total  number  of  individuals,  and  n  =  number  of 
individuals  of  the  ith  species. 
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RESULTS 

Mean  catch  per  unit  effort  data  for  dredge  stations 
are  presented  in  Table  1.  A  total  of  13  species  were 
collected  at  the  dredge  stations,  with  a  range  of  4  to  9 
per  station.  The  most  abundant  species  taken  was 
Anchoa  mitchilU,  with  16.4  individuals  per  tow,  fol- 
lowed by  Micropogon  undulatus  and  Brevoortia  pat- 
ronus,  with  average  catch  rates  of  15.5  and  4.5,  re- 
spectively. Pooling  all  data,  average  catch  rates  in- 
creased at  each  of  the  first  three  stations  from  18.0  to 
52.9  to  51.3,  but  then  decreased  to  values  ranging 
between  35.6  to  37.8  at  the  three  outermost  stations. 

The  abundance  of  individual  species  was  also  re- 
lated to  distance  from  the  dredge  (Table  1).  Anchoa 
mitchilU  occurred  in  greater  numbers  (22.4  and  25.0 
fish  per  tow)  at  the  two  outermost  stations;  at  the  four 
innermost  stations,  A.  mitchilU  varied  in  abundance 
from  12.0  to  15.3  fish  per  tow.  Conversely,  B.  patro- 
nus  was  most  abundant  at  the  first  two  stations,  with 
catch  rates  of  6.3  and  10.0  fish  per  tow,  but  at  the  four 
outermost  stations,  the  catch  rate  varied  between  2.3 
and  2.8  specimens  per  tow.  On  the  other  hand,  M. 
undulatus  increased  in  abundance  at  each  of  the  first 
three  stations  (1.0  to  17.3  to  37.9  fish  per  tow),  but 
then  decreased  in  numbers  thereafter  —  from  19.4  to 
10.2  to  10.7  individuals  per  tow  at  the  last  three 
stations. 

A  total  of  19  species  were  collected  at  the  baseline 
stations  (Table  1).  Anchoa  mitchilU  was  the  most 
numerous  fish  ( 15.1  per  tow),  followed  by  M.  undula- 
tus, Dorosoma  petenense,  and  Ictalurus  furcatus  with 
6.4,  1.3  and  1.3  individuals  per  tow,  respectively. 
Average  yield  was  24.9  individuals  per  collection, 
with  a  range  of  8.3  to  57.3.  The  number  of  species  per 
station  ranged  from  2  to  9. 

Of  the  24  species  collected  in  the  study  area,  three 
species  (Strongylura  marina,  Syngnathus  scovelli, 
Mugil  cephalus)  were  restricted  to  the  dredge  sta- 
tions, and  9  species  (Dorosoma  cepedianum,  D. 
petenense,  Ictalurus  punctatus,  Aplodinotus  grun- 
niens,  Cynoscion  nebulosus,  Archosargus  prob- 
atocephalus,  Microgobius  gulosus,  Paralichthys 
lethostigma,  Archirus  lineatus)  were  found  only  in 
baseline  collections.  Of  the  eight  remaining  species, 
Arius  felis,  A.  mitchelli,  Mendia  beryllina,  and  M. 
undulatus  were  most  common  at  the  dredge  stations, 
vfhereasi .  furcatus, Cynoscion  arenarius,Leiostomus 
xanthurus,  and  Trinectes  maculatus  were  encoun- 
tered more  frequently  at  the  baseline  stations. 

The  foregoing  analyses  consider  the  number  of  spe- 
cies and  the  number  of  individuals  as  separate  en- 
tities but  do  not  account  for  community  structure  or 
for  the  allocation  of  numbers  into  species  categories. 
Frequently,  the  net  result  of  environmental  stress  is 
a  redistribution  of  numbers  among  the  various  spe- 
cies. This  may  occur  because  sensitive  or  specialized 
forms  undergo  reduction  or  elimination  while  toler- 
ant or  generalized  species  increase  in  number.  For 
this  reason,  integrative  measures  of  community  stru- 


ture  (i.e.,  species  diversity  indices)  are  useful  in 
assessing  environmental  quality  (Wilhm  and  Dorris 
1968,  Swartz  1972).  The  species  diversity  index  was 
1.67  for  baseline  stations  as  compared  to  1.42  for  the 
dredge  collections. 

DISCUSSION 

Fish  populations  as  ascertained  by  otter  trawl  dif- 
fered between  dredged  and  baseline  areas  and  among 
individual  dredge  stations.  The  most  obvious  fea- 
tures included:  (Da  greater  number  of  species  and 
higher  species  diversity  at  baseline  stations;  (2)  a 
higher  catch  rate  of  fishes  at  the  dredge  stations;  and 
(3)  variation  in  total  catch  rates  relative  to  distance 
from  the  dredge,  where  the  highest  catch  rates  were 
from  200  to  400  ft,  the  lowest  at  100  ft,  and  intermedi- 
ate catches  at  the  outermost  stations.  Two  conclu- 
sions may  be  drawn  from  these  comparisons  and 
trends:  fishes  may  be  locally  attracted  to  shell 
dredges,  but,  at  the  same  time,  environmental  condi- 
tions associated  with  dredging  may  stress  the  local 
fish  community. 

The  apparent  local  attraction  of  fishes  to  dredges 
may  be  explained,  in  part,  by  the  fishes  scavenging 
upon  benthic  organisms  uprooted  by  the  dredge  cut- 
ter head.  The  avoidance  of  the  most  turbid  waters  at 
the  station  nearest  the  dredge,  the  attraction  to  the 
briefly  suspended  benthos  at  the  intermediate  dis- 
tance (200  to  400  ft),  and  the  decrease  in  fish  preda- 
tion  upon  decimated  benthos  because  of  their  rapid 
dispersal  and  settling  out  at  greater  distances  may 
account  for  the  variation  in  catch  rates  at  varying 
distances  adjacent  to  the  dredge.  The  mechanical 
removal  of  benthos  by  a  dredge  may  be  considerable; 
Kaplan,  et  al.  (1974)  determined  that  an  average  of 
about  7,300  benthic  organisms  were  removed  per 
square  meter  in  a  New  York  estuary.  On  the  other 
hand,  the  influence  of  benthic  predation  on  the  dis- 
tribution of  fishes  may  be  questioned  because  of  the 
influence  on  trawling  efficiency  of  increased  turbid- 
ity associated  with  dredges.  It  is  well  known  that 
trawling  is  more  efficient  in  turbid  than  in  clear 
estuaries.  Lake  Pontchartrain,  however,  is  naturally 
turbid  (Tarver  and  Dugas  1973)  because  of  the 
almost  continual  stirring  and  suspension  of  silt  and 
detritus  by  wave  action.  Since  trawling  efficiency 
probably  does  not  increase  linearly  beyond  a  certain 
level  with  increased  turbidity,  it  may  be  assumed 
that  the  turbidity  levels  at  baseline  stations  was 
sufficient  to  enhance  sampling  and  that  the  magni- 
tude of  the  differential  between  baseline  and  dredge 
stations  was  such  that  increased  trawling  efficiency 
was  negligible. 

Information  theory  diversity,  the  type  derived  by 
the  formula  of  Lloyd  et  al.  (1973),  indicates  the  in- 
formation content  of  each  individual  in  a  sample,  and 
is  a  function  of  both  the  number  of  species  (species 
richness)  and  the  numerical  distribution  of  species 
among  the  assemblage  (species  equitability)  (Shan- 
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non  and  Weaver  1963).  Field  studies  have  shown  that 
Shannon-Weaver  diversity  applied  to  estuarine  fish 
populations  is  inversely  proportional  to  the  amount 
of  environmental  stress  (Betchel  and  Copeland  1971, 
Haedrich  and  Haedrich  1974).  Low  information 
theory  diversity  is  indicative  of  stressed  or  simple 
habitats  where  the  number  of  species  is  relatively 
low  and  a  few  species  numerically  dominate.  Con- 
versely, higher  information  theory  values  are  char- 
acteristic of  complex  or  unstressed  habitats,  where 
the  number  of  species  is  high  and  the  numerical 
distribution  of  species  is  more  even.  The  higher  spe- 
cies diversity  values,  as  well  as  higher  number  of 
species,  in  baseline  areas  as  compared  to  dredge 
areas  implies  that  habitat  quality  is  greater  in  the 
former.  Environmental  stress  at  the  dredge  stations 
may  result  from  a  combination  or  interaction  of  tur- 
bidity and  siltation,  physical  changes  in  substrate, 


depressed  dissolved  oxygen  levels,  release  of  con- 
taminants in  the  substrate,  and  other  subtle 
changes. 

Harper  and  Hopkins  (1976)  compared  the  nektonic 
fauna  in  dredge  cuts  and  undredged  bottoms  in  San 
Antonio  Bay,  Texas.  They  found  that  biomass  was 
usually  higher  in  the  dredge  cuts  than  on  the  flats 
and  that  the  mud  plume  from  a  dredge  did  not  appear 
to  repel  nektonic  species  and  may  enhance  their 
numbers  by  providing  protection  from  predators. 

This  study  should  only  be  considered  preliminary 
because  it  did  not  consider  the  long-term  effects  of 
shell  dredging  on  fish  populations  in  Lake  Pontchar- 
train  or  the  indirect,  cumulative  effects  via  the  food 
chain.  Additional  research  is  needed  to  ascertain 
these  effects  in  order  to  minimize  the  detrimental 
and  enhance  the  beneficial  aspects  of  shell  dredging. 


Table  1.  Mean  catch  per  unit  effort  in  otter  trawl  samples  at  dredge  and  baseline  stations  in  Lake 
Pontchartrain. 


DREDGE 


Species 


100 

200' 

400 

600 

800' 

1400 

Baseline 

0.1 

1.3 

6.3 

10.0 

2.3 

2.8 

2.4 

2.8 

1.2 

13.0 

12.8 

15.3 

12.0 

25.0 

22.4 

15.1 

.2 

.2 

.3 

.5 

.3 

.1 

1.6 

.1 

.2 

.1 

1.3 
.1 

.3 

.4 
.2 

Dorosoma  cepedianum 
Dorosoma  petenense 
Brevoortia  patronus 
Anchoa  mitchilli 
Arius  felis 
Ictalurus  furcatus 
Ictalurus  punctatus 
Anguilla  rostrata 
Menidia  beryllina 
Strongylura  marina 
Syngnathus  scovelli 
Aplodinotus  grunniens 
Cynoscion  arenarius 
Cynoscion  nebulosus 
Leiostomus  xanthurus 
Micropogon  undulatus 
Archosargus  probatocephalus 
Microgobius  gulosus 
Mugil  cephalus 
Paralichthys  lethostigma 
Archirus  lineatus 
Trinectes  maculatus 
TOTAL 


.2 

1.0       17.3       32.8       19.4       10.4       10.7 


.2 


.4 


.1 

.1 
.1 
.1 
.1 

6.4 
.1 
.2 

.1 
.1 
.3 


18.0       42.9       51.3       35.6       37.8       36.4 


24.9 
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NOTES 


Occurrence  of  the  Parasitic  Copepod  Lernaeenicus  radiatus 

on  the  Red  Drum  (Sciaenops  ocellata)  and  Gulf  Menhaden 

(Brevoortia  patronus)  in  Barataria  Bay,  Louisiana. 

Steve  Hein,  Joe  Shepard,  and  Wilson  Broussard 

During  routine  seine  samples  on  January  9, 1979,  five  red  drum  (Sciaenops  ocellata)  out  of 
a  total  of  92  were  found  to  be  parasitized  with  the  copepod  Lernaeenicus  radiatus.  These  fish 
were  obtained  from  a  dead-end  canal  on  Grand  Terre  Island,  Louisiana.  Salinity  was  19.6  ppt, 
with  a  water  temperature  of  5.6°C.  It  appeared  that  the  parasite  was  confined  to  the  smaller 
specimens.  Average  length  of  all  specimens  was  361.1  mm  standard  length  and  443.7  mm 
total  length,  and  average  weight  was  1,064.2  grams.  Of  the  parasitized  specimens,  standard 
length  averaged  302.6  mm,  total  length  averaged  372.2  mm,  and  weight  averaged  535.7 
grams. 

On  November  29,  1978,  a  school  of  1,362  Gulf  menhaden  (Brevoortia  patronus)  was  seined 
in  the  same  canal.  Salinity  was  23.0  ppt,  and  the  water  temperature  was  17.3°C.  Of  the  fish 
captured,  18  were  parasitized  with  the  same  copepod.  Fork  length  of  the  menhaden  was  118.5 
mm,  and  total  length  averaged  139.6  mm.  Average  weight  was  22.55  grams.  Causey  (1953) 
reported  parasitized  Brevoortia  tyrannus  at  Grand  Isle,  Louisiana. 
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Salinity  Trends  in  Barataria  Bay, 
1979 
Wilson  A.  Broussard,  Jr. 

Observations  of  seasonal  variations  of  bottom  sali- 
nities for  1979  are  presented.  Sampling  procedures 
were  the  same  as  those  presented  by  Fischer  ( 1980). 
The  months  of  June  and  July  are  not  represented  in 
the  data. 

The  annual  10  and  15  ppt  isohalines  are  shown  in 
Figure  1.  Monthly  isohalines  are  shown  in  Figures  2 
through  1 1 .  May  and  October  show  an  extreme  varia- 
tion, with  October  showing  higher  salinities  as  sug- 
gested by  Van  Sickle  et  al.  ( 1976).  A  salt  wedge  was 
noted  in  April  (Figure  5)  and  shown  in  weekly  detail 
by  Fischer  (1980).  The  consistent  southeast  winds  in 
April  caused  fresh  waters  of  the  Mississippi  River  to 
infiltrate  the  southern  part  of  Barataria  Bay,  while 
higher  salinity  water  was  trapped  in  the  northern 


portions  of  the  bay  (Figures  5,  12  and  13).  The  effect 
of  the  absence  of  June  and  July  data  will  obviously 
alter  the  accuracy  of  the  annual  isohaline  (Figure  1 ). 
In  an  average  year,  June  and  July  are  higher  than 
average  in  salinity  readings;  therefore,  their  absence 
would  cause  lower  representation  in  the  annual  iso- 
haline. 
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Additions  to  the  Drift  Bottle  Study 

of  the  Barataria  System 

Wilson  A.  Broussard,  Jr. 


This  report  presents  updated  releases  and  recovery 
rates  for  this  on-going  project.  The  original  drift  bot- 
tle releases  for  this  project  began  June  1,  1978,  and, 
to  date,  750  bottles  have  been  released.  Original  re- 
lease and  recovery  data  and  materials  and  methods 
are  reported  by  Broussard  (1980). 

There  has  been  a  total  of  36  recoveries  since  the 
study  was  undertaken.  Twenty-four  recoveries  have 
been  made  since  the  previous  data  were  published. 
The  first  report  (Broussard  1980)  had  a  return  of 
3.4%;  the  new  data  increased  the  returns  to  4.8%. 
Date  and  release  stations  of  recovered  drift  bottles 
are  shown  in  Table  1.  Recovery  locations  are  plotted 
in  Figure  1. 

All  but  one  return  was  from  a  15-mi.  radius  of 
Grand  Isle,  Louisiana.  These  returns  were  similar  to 
the  early  findings,  when  all  of  returned  bottles  were 
found  within  the  Barataria  system.  A  general  west- 


ward nearshore  trend  is  indicated  (Figure  1).  The 
number  of  returns  from  Grand  Isle  beach,  along  with 
bottle  No.  414  which  traversed  to  near  Port  Aransas, 
Texas,  reinforces  this  theory.  An  exception  is  bottle 
289,  released  in  November,  which  was  found  15  mi. 
east  of  Grand  Isle.  A  winter  frontal  movement  prob- 
ably pushed  the  bottle  eastward.  Bottle  414  was  the 
exception  of  the  15-mi  radius  return  area.  When  it 
was  recovered,  36  days  after  it  had  been  released,  it 
had  traveled  to  a  point  offshore  of  Port  Aransas, 
Texas.  From  Barataria  Bay,  a  straight  line  trajectory 
to  Port  Aransas  is  some  400  mi.,  which  would  require 
a  movement  rate  of  at  least  11  mi.  per  day  if  it  fol- 
lowed the  straight  line.  Most  likely,  it  remained  in 
the  nearshore  currents  and  traveled  a  gi-eater  dis- 
tance and,  consequently,  at  a  faster  speed. 

Releases  are  continuing,  and  additional  conclu- 
sions will  be  presented  as  further  data  are  compiled. 


Table  1.  Date  and  release  stations  of  recovered  drift  bottles. 


Recovery  Location 


Release 

Release 

Recovery 

Bottle  No. 

Date 

Station 

Date 

117 

7/19/78 

33 

5/17/79 

236 

9/21/78 

52 

9/29/78 

289 

11/8/78 

32 

7/15/79 

363 

2/1/79 

52 

2/     /79 

414 

4/25/79 

33 

5/30/79 

438 

5/25/79 

24 

11    lid 

441 

5/25/79 

25 

6/3/79 

453 

5/31/79 

43 

6/1/79 

463 

8/7/79 

43 

8/17/79 

470 

8/15/79 

25 

8/17/79 

480 

8/21/79 

42 

8/22/79 

484 

8/21/79 

52 

8/27/79 

531 

10/3/79 

53 

10/16/79 

565 

10/23/79 

43 

10/27/79 

575 

11/1/79 

34 

12/3/79 

587 

11/6/79 

33 

11/23/79 

605 

11/15/79 

53 

12/6/79 

623 

12/5/79 

26 

12/11/79 

625 

12/5/79 

24 

2/29/79 

652 

12/26/79 

52 

1/1/80 

654 

12/26/79 

43 

1/29/79 

690 

1/21/80 

53 

2/16/79 

732 

3/19/80 

3/20/80 

Barataria  Bay  near  Crane  Is.,  La. 

Barataria  Pass  near  Fort  Grand  Terre  Is.,  La. 

Mouth  of  Bayou  Chaland,  La. 

Beach  5  mi.  SW  Grand  Isle,  La. 

20  mi.  S  Port  Arnasas,  Tx. 

Beach  Grand  Terre  Is.,  La. 

W  end  of  beach,  Grand  Is.,  La. 

Barataria  Pass,  Grand  Is.,  La. 

N  shore  central  Grand  Isle,  La. 

Barataria  Pass  at  Fort  Grand  Terre  Is.,  La. 

Central  beach  Grand  Terre  Is. 

W  beach  Grand  Terre  Is.,  La. 

E  beach  Grand  Isle,  La. 

E  beach  Grand  Terre  Is.,  La. 

Central  beach  Grand  Isle,  La. 

E  beach  Grand  Terre  Is.,  La. 

E  beach  Grand  Isle,  La. 

Barataria  Bay,  Manilla  Village,  La. 

Bayou  Andre,  N.  Grand  Isle,  La. 

Barataria  Pass  at  Fort  Grand  Terre  Is.,  La. 

Barataria  Bay  near  Manilla  Village,  La. 

W  beach.  Grand  Terre  Is.,  La. 
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ABSTRACTS  AND  TITLES 

Oil  Rigs  and  Offshore  Sport  Fishing  in  Louisiana 

Ronald  Dugas,  Vincent  Guillory,  and  Myron  Fischer 

SUMMARY 

The  emergence  of  the  offshore  sport  fishery  in  Louisiana  waters  was  associated  with  the 
establishment  of  the  offshore  petroleum  industry.  The  ecological  role  of  oil  platforms  as  fish 
attractors  was  discussed.  Data  on  the  sport  fishing  around  oil  platforms  in  nearshore  and  blue 
water  areas  were  presented. 

Analysis  of  Prey  Selection  in  Chain  Pickerel 

Vincent  Guillory 

ABSTRACT 

Lake  Conway  chain  pickerel  (Esox  niger)  consumed  progressively  more  fish  with  increase 
in  size.  A  shift  also  occured  in  size,  species  composition,  and  relative  abundance  offish  prey 
with  chain  pickerel  size.  An  index  of  selection  was  applied  to  food  habitat  data.  There  was  an 
increase  in  number  of  species  and  a  decrease  in  size  of  species  that  were  positively  selected  as 
chain  pickerel  size  increased.  Size,  rather  than  abundance,  of  forage  fish  was  the  dominant 
influence  on  prey  selection. 

Proceedings  of  the  33rd  Annual  Conference  Southeastern  Association  of  Fish  and  Wildlife 
Agencies 

Spawning  of  Spotted  Seatrout  in  a  Louisiana  Estuarine 

Ecosystem 
Stephen  Hein  and  Joseph  Shepard 

ABSTRACT 

Biomodal  spawning  peaks,  as  determined  by  the  gonadosomatic  index,  were  noted  for  the 
spotted  seatrout  in  the  Barataria  Bay,  Louisiana,  system  for  1976  and  1978.  Males  matured 
earlier  in  the  season  and  at  a  smaller  size  than  females.  Males  were  found  to  have  sound 
producing  capabilities.  Fish  spawned  throughout  the  bay  regardless  of  water  depth  or 
substrate.  Spawning  seemed  to  occur  in  the  northern  portion  of  the  bay  later  than  in  the 
southern  portion.  Photoperiod  and  temperature  were  the  only  exogenous  factors  found  to 
have  a  direct  relationship  with  spawning.  Other  factors  studied  may  have  lesser  influences  to 
varying  degrees. 

Proceedings  of  the  33rd  Annual  Conference  Southeastern  Association  of  Fish  and  Wildlife 
Agencies 

Community  Structure  and  Abundance  of  Fishes  Inhabiting 
Oceanic  Oyster  Reefs  and  Spoil  Islands  in  the  Northeastern 

Gulf  of  Mexico 
Gray  Bass  and  Vincent  Guillory 
SUMMARY 
Fish  communities  of  spoil  islands  and  oyster  reefs  diff'ered  both  quantitatively  and  qualita- 
tively. A  larger  standing  crop  but  lower  total  number  of  species  was  found  on  oyster  reefs.  A 
distant  community  was  associated  with  the  oyster  reefs,  whereas  the  spoil  island  fish  fauna 
represent  fortuitous  associations  and  transients. 

Northeast  Gulf  Science,  3{2):116-121 
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